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.PREFACE. 


The Sewage Question resolves itself into this: What 
is the cheapest and most etficient technical ‘process for 
rendering human excreta ustd’iil instead of dangerous? 

To answer it we •jive, in the following pages, a 
succinct acccaint of all the various systems hitherto cm* 
ployed for that purp)sc; ainl having drawn our inftmna- 
tion from the most reliahle authorities, both English and 
foreign, leave the reader to form his owti conclusions, 
not doubting but that, on tin* whole, they will coincide 
with our own. 

Among the mo.st valuulde of these sources, of which 
we have principally availed our.«elves, are the writings of 
Captain Charles T. Liernuk, Civil and Militaiy Engineer, 
who, during a number of years, has professedly had an 
extensive practice in various branches of engineering on 
both sides of the Atlantic. When we first contemplated 
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to pubiish the result of our studies, he willingly placed at 
our disposal his own scientific and technical investigations 
on tlie subject in the shape of voluminous notes, with 
proper references for collating the facts mentioned. 

these notes we found a description of a new 
j»lun invented by him, called the Pneumatic Sewerage 
System, which, after a close and conscientious investi- 
gation, we herewith submit, as, in our opinion, the best 
solution thus far given to a really dltiieult problem. 

• 

In this view we are not only countenanced bv the 
approval t»f eminent engineers and agriculturists, who 
have, like us, carefully examined the invention, attd 
of sevend scientific pericHlicals giving a critical de- 
scription of it, but also by Ills Koval. Highness 1'uinck 
lIlCNttv OF THE Netiieui.ands, wlio, after mature deli- 
iH'ration, recommemled it for u(h>|)tiou in the (inuid 
Duchy of LlXEMiil itG; and, further, by the now well- 
known fact, that the City of the llAufE, after having 
submitted Captain I.ikunlh’s plan to a committee of 
professionid iuqtiiry, ivsolved at omx to give it a fair 
pi’acticid trial at the public e-X[HiUse. Finally, the new 
system commends itself to general attention, because it 
is not some ‘untried scheme of uncertain issue,’ but a 
combination of practical contri^^ccs with the actual 
working of which we arc all familiar. 
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There can be no doubt of tlie high importance of the 
subject. Apart from the sauitJir)’ considerations involved, 
it directly bears upon the agricultural development of 
the country. All incchunioal skill and industr}', and all 
commercial enteqirise, avail but little in the end, unless 
we also stimulate iJie soil to yield the hirgest entps 
without impairing its permanent fertility. 

Scientific demonstration mid j)raetiail exjterienee go 
far to show, that the best means to obtain ^ueh harvests 
consist in jtroperly utilising the ashes of the IikkI we 
consume and the IVuetitying gases contained therein ; 
in adopting iinpr(»ve<l modes of tillage; and further, in 
securing mi increased action of the sun and atmospliere, 
such us may be suggested l»y a higher knowledge of 
vegetable j)hysiology. 

Leaving these latU-r means to bi; developed by future 
inventive talent, and treated by abler pitns, we have 
endeavoured to contribute our mite to thi- solution of 
the former, as tliosc more immediately necessary. 

These jmges are ]>rincipally prepared for the infor- 
mation of Municipal autiiorities and all others directly 
interested in Public Ucalth, Agriculture, and National 
Progress; but in ordffi to bring them also within the 
easy comprehension of other readers, we have thought 
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proper here and there to eiqdaiu certam elementary 
&ct8, generally within the compass only of strictly profes- 
sional men, avoiding at the same time all technicalities 
wherever practicable. 

May our labour not prove in Vmn, but assist in 
opening and smoothing the road to new fields of 
honourable and useful cnterjmse ! 

FREDERICK C. KREPP. 


fi. Guauam Tkkuack, 

UiDEKY l(OAI», DaUTuM, 
Ix)Nl)ON 


Maif 22 , 1807 , 
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I. CITY SEWERAGE BEARLXG ON NATIONAL 
ECONOMY. 

It need bardlj be stated that the remoral of human excrements 
out of cities and towns'has always l)et>u a question of the highest 
importance, both from considerations of public health and national 
economy. It is, however, in later ye'ars only that a more serious 
interest has been excited with regard to city sewerage, and this is 
mainly owing to three causes : — 

In the first place, modern civilisation seems to mass the in- 
crease of population almost exclusively in large cities and towns, 
whilst that of the op«‘n country remains nearly stationiu’y, tlius 
rendering the necessity for effective municipal sanitary measures 
and reforms daily more urgent. • 

In the second plai-e, the sciences Itearing diiartly upon agricul- 
ture, namely chemistry and vegetahle physiology, have during the 
present century made immense 8trid<'s, proving conclusively tlu' 
surpassing value of human excrements as a fertiliser, ami pointing 
out new and improved modes of utilising them. 

In the third place, notwithstanding these universally acknow- 
Iwlged facts, our daily exfterieiice teaches us, that the technical 
means hitherto employed have pntved jiarfially or wholly inade- 
(piate to meet tlie requirements in view; for it appears that in 
many cities, which were thought to he well drained, often at 
enormous cost — soil, water, and atmosphere are still contaminated 
by the decomposition of human excrements, resulting in endemic 
fevers and deadly epidemics; whilst, on the other hand, mir 
present modes of using sewage matt(;r for agricultural pur[to8es, 
either yield only poor grass on sandy uriinhahitahle spots, or 
render, by their manipulations, human manure so expensive or 
Worthless, that farmers cannot lie induced to apply it on any ex- 
tensive scale — all conclusively showing that the various problems 
before us are as yet far from lieing solved. 

No wonder then that the city sewerage (|U(>stion so pre-eminently 
occupies the minds of all thinking men, but more especially ut 
those to whom, by their official capacity, public health and welfare 
are entrusted. Luckily, the many able discussious of the subject, 
by parliamentary committees, municipal authorities, scientific an I 
technical societies, agricultural clubs and colleges, and other pulilic 
and private bodies, ^ve resulted in such a mass of highly valuable 
materials, in the sh^pe of committee reports, treatises, pamphlets, 
scientific accounts of experiments, &c., that we are now in a very 
favourable position for forming a conclusive opinion of the subject 
in nearly aU its bearings. 

As stated in our prefime, the question resolves itself simply into 
this What am Im eheapett a^ud mud tjutcine technical means 
fvr rendering human excremenit useful instead of dangerous f 

B 
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Experience being the safest guide in all matters of practical 
detail, it is but policy to ascertain the results of all the various 
plans hitherto adopted. 

But first we will cast a glance at the bearings of the subject upon 
those general interests which form the salient points of National 
Economy, namely Public Health and Aoricultube, having 
reference in doing so to the lessons taught us by the bistotj of 
the past and present times. 

Of all the sciences we cultivate, surely there is none of higher 
importance to the prosperity and happiness of a nation than the 
Science of Pufjlic Health, which lies at the very root of all good 
government. Governments being institutedlamongst men to secure 
them life, liberty, and happiness, and none of these being possible 
without public health, history teaches us, in numerous instances, 
the baneful consequences of this principle l>eing ever lost sight of. 
Whenever a people were considercKl to exist merely for the support 
and benefit of a government or dynasty, public health and its 
fountain4jead agriculture were invariably utterly neglected, and 
national prosfierity destroyed. 

Nor could any extension of empire, or warlike prowess and 
glory, or peculiar political theories, or diplomatic combinations, 
ever raise a people to that high standard of civilisation and happi- 
ness it would surely have reached, by peacefully developing the 
immense wealth infallibly secured by a rational, systematic culture 
of the soil, and consequent industry and commerce. All nations 
seeking to secure greatness by war and conquest have become more 
(»r less morally and politically debased ; and so it will ever be to 
the end of time. 

The reason of this is obvious. Whenever agriculture is reiluced 
to a mere gathering of harvests, the s(»il wull become exhausted 
in time, and will not any longer btiar mlequate crops; and the 
want of nourishing foo<l constantly lessening physical development, 
moral debasement, vice, ami crime necessarily follow. The ancient 
maxim, ‘ Mens sana in corpore sano,’ was meant to express the 
impiirtunt fact, that the general standard of public morals always 
corres[H)nds with the state of public health, the latter depending 
again ujs>ii aliundance of t\H)d combined with a pure atmosphere 
and an unlimitiKl supply of undefiled water. All efforts at sound 
civil government must fiul, unless they secure these primary con- 
ditions of human ha[>piness. 

According to all military experience, the strength of a fortress 
depends u}K>n the numWr of Iwirrels of bread and beef within, and 
the mightiest stronghold must at last surrender to hunger and 
want ; even so it is with a nation ! 

l^t it be subjected to ever so firm a rule, if agriculture is 
neglecttnl, the voice of nature soon proves itself stronger than the 
greatest efforts of government ; and the masses always ascribing 
their sufferings to misrule^ a revolution is the inevitable result, 
unless the brewing storm is timdy averted by war upon a neigh- 
bouring and more prosperous nation, to whom then the direful 
oonsequenees of a neglect of agriculture are transferred. 

Defining agriculture to be that treatment of the soil which 
perpetuates fertility, a most interesting illustration of the power- 
ful influence of this important sdenoe upon the dei^inies of a 
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nation is afiTorded by the history of France. Under the old 
Bourbon dynasty it was totally neglected, and at tbe same time, 
also, nearly all the other branches of national industry and 
commerce. Wars were undertaken to afford pleasure and glory to 
a Louis Quatorze, or to satisfy the whims of a minister or a mistress. 
A small centre of luxury and profligacy at Pfiris and Versailles 
was surrounded by an immense territory of hunger and want. 
Moral perceptions getting constantly more dimmed, no wonder that 
the people soon began to doubt the divine right of princes who 
ignored their very claims to existence, and that they extended 
their infidelity in time even to religion. The natural consecpience 
was the great French devolution, breaking down all political and 
social barriers, and sweeping away, like an angry torrent, all 
obstructions to national welfare. 

Tbe marvellous genitis of a Napoleon soon restored order to the 
chaos, by a code of laws wdiich seems almost tbe result of in* 
spiration, reviving commercial and industrial enterprise, and 
bringing hundreds of thousands of acres undt*r cultivation, which 
had been waste for centuries. The abundance of* food and all 
the means of sidwistence produced by this statesmanlike policy 
resulted in such an increfise of population, that, notwithstanding 
the des(»Iating wars from 1793 to 181 fi, which cost nearly three 
millions of men, the population of France was greater at the close 
of that pt*riod than it was twenty-three years lM*fori\ 

In nothing is the superior wisdiuu of the present Kmperor 
of the French so manifest as in the undivided att-ention he, like 
the founder of his dynasty, [lays to the sanitary, agricultural, in- 
dustrial, and commercial interests of his people, which thus mani- 
festly proves that true statesmanship finds its best allies in agri- 
culture and public health. 

By the glorious initiative of Napolerm ML, an international 
sanitary commission is now labouring to stop the fountain-head 
of epidemics in the distant East, by enforcing certain Siuiitary mea- 
sures on the immense annual caravans of Mussulman {dlgrimage. 
Let us all share in this truly philanthropic work by contributing, 
each one in his sphere, towards sanitary reforms, (‘specially in the 
sew'erage of our cities and towns, and thereby gradually exter- 
minate the hotbeds of pestilence festering in our midst. 

We conclude these general introductory remarks by referring 
to the fundamcmtal laws of national economy, so lucidly laid down 
by Professor Thudichum : • 

1. Tbe basis of human life, the very root of all human society, is 

the capacity to pHsluce focsl in such (|uantities, that a surfjlus 
of it may be exchanged for commodities resulting from the 
labours of other people unable to produce food. 

2. This capacity to produce ffK>d must lie rendered permanent 

by a strict observance of the laws of nature regulating veg(?- 
table life, the knowledge of which is the basis of agricultural 
science. 

3. Tbe first and most important of these laws is, that we must 

return to tbe soil tbe mineral ingredients we take from it in 

* Prof. Thndicboiii : * Onmdligeo der off«otl!cheo Ge»undb*‘itif|d!(^« in StiUltfo/ 
Fninkfiiri lS6d. 
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gathering our crops. The atmosphere famishes the nutritire 
elements, and the soil the minerals, out of which vegetable 
fibres, vessels, and stractures containing food are built up. 
Without these mineral ingredients, no harvest can possibly 
flourif^. < 

4. These mineral ingredients are continually ejected from human 
beings and animals in their excrements, by returning which 
to the soil we furnish it with building materials for new crops ; 
at the same time keeping pure the atmosphere we breathe 
and the water we drink, and thus preventing epidemics and 
death. 

These laws of national economy are based on the sublime laws 
of nature, and their neglect is inevitably followed by national 
decay. The illustrious Liebig, who has devoted his mighty 
intellect and talents to the discovery of the laws of vegetable life, 
raising thereby agricultural chemistry to its present astounding 
« rainence, very justly remarks, that evmj law of culture i$ the 
ready eervan* of manhnd ; beneficent when rightly employed, 
but destructive when neglected. 
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IL HISTORICAL NOTES ON SEWERAGR 

The removal of excreta out of human habitations is a matter, the 
origin of which may be traced to the very first dawn of civilisation. 
An innate abhorrence* of matters so very offensive to the senses 
compels mankind to get rid of them in any way : a natural propen- 
sity, shared by many animals (the caim! rora)^ which scrape their 
excrements into the ground, and cover them with earth, or other- 
vrise remove them out of their sight and smell. And if instinct be 
that by which nature makes known its inviolable laws where 
reason could not discern them, it is here unmistakably pointed 
out that the excrements of all mnilvovotta animals at least, 
including to a certain extent human beings, tthonUl at once be pat 
i}Uo tlie gtwuuL • 

1. Sewebage amongst Ancient Nations. — A few items found in 
the records of antiquity relative to this subject may be fouml not 
.altogether uninteresting. According to Henft\v's Sanscrit (lloswiry 
the ancient Illmlooe bad particular Ikmjsch for performing the 
offices of nature, called ^AcaHkara-Mandlra'' (litt?rally ‘filth- 
temple’), which stood s<*parate from human habitations, and were 
no doubt kc])t scruf)ulously clean, as may be inferred from the 
excessively strict Hindoo laws respt?cting ablutions and personal 
cleanliness. 

The extensive and complicatf'd canal systons of nncitmt HffypU 
execut(*ii under Raineses I. and some of bis sucCf SHors, served no 
doubt also for 84*werage purposes, owing to the intense aversion of 
the ancient Egyptians to all kinds of im])uritie8. Aetiyria ami 
Babylon were, according to Herodotus, likewise p 08 sess(Ml of most 
mugniticeut eauals for irrigating the country districts, which wen? 
supplied by the rivers Tigris and Euphrates, and which doubtless 
also carried away the sewaige of their eititfs: the same us in 
Phoenicia^ where the art of making canals and harbours was so 
well known, where drains were first excavated, au<l asphalt was a 
regular article of commerce. 

2. Mosaic Sanitabt Law. — We gain a still clearer insight into the 
customs of the ancient HehrewH^ by referring to the ordinance of 
their great legislator; Dent, xxiii. 12, 13; * Thou $halt have a 
place aleo without the camm whither ifum nhalt go forth alrroad : 
And thou ahali have a paddle upon thy weapon ; and it shall be, 
when ifuru udlt ease ihysdf oi/vW, tlvou $haU dig therewith^ and 
shalt turn back and covei* that ivhich cometh from thee.^ 

However primitive this mode of disposing of human excrements, 
it certainly shows plainly enough that the Hebrew lawgiver was 
fully alive to the necessity of sanitary regulationg. The use of 
matters as a fertiliser could not yet enter into the consider- 
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ttion of Mom, ag be bad to deal with a nomadte people just 
coming out of Egjrpt, where the annual inundation of ^e Nile 
oovera the soil with the ‘chemi,’ or 'black sedimenV ^ 
ancient Egyptians called it. During the period of the kings, when 
the attention of the Hebrews was almost exclusively devoted to 
a cruel war&re between contending tribes and dyn^ies, which 
struggled for the mastery, and their religion had degWeraied into 
the worship of idols, the sanitary arrangements of the towns were 
of the rudest kind. So we find that the filth of Jerusalem was 
burnt in an oven in the valley of Hinnom ; which also served for 
human sacrifices, and was called from a drum, used 

on such occasions to drown the cries of thd victims. At a later 
period, however, when the Mosaic religion was restored, the temple 
purified and rehuiltf and the country began to prosper under the 
protectorate of powerful neigh Iwiiring nations, large sewers and 
aqueducts were constructed, which still exist, owing to the fact of 
their being cut in the solid rock upon which the city is built. 
Eusebius, who was a native of that country, and died about the 
year 340, mentions Timocrates, the surveyor of Syria, by whom 
the city was throughout provided with wat(*r. The water used 
for flooding ihe court of the ti^raple, to vrash away the offal and 
blood of the sacrifices, drained into a pit now called ‘the foun- 
tain of the Virgin;’ from whence, after mingling with the town 
sewage, it was condticted to a second one, and thence to the King’s 
Garden, for purposes of irrigation. These pits served, no doubt, as 
settling tanks to collect the solid matter; and thus, in their general 
arrangement, we can perhaps trace the earliest attempts at utilising 
sewage. 

3. Roman Cix»aca Maxima. — Tlie most interesting monument of 
antiquity, however, as regards city st‘W'erage, is the famous Clmca 
MaxivLa of Rome, of wliich extensive remnants have been pre- 
served to our days, still serving the original purpose, and offering 
the great advantage of histi»rical certainty to the student. This 
immense city- sewer, l)egun under king Tarquiuius Priscus about 
600 B.C., and finished under his succej^ior, Tarquinius Superbus, 
was built for the avowed purpose of cleaning the metropolis of 
human excrements and all other se’wage matter, by underground 
drainage into the Tiber, At street crossings, or wherever one 
street intercepted another, so called ‘trivia ’ (tliret* ways), urinals 
were placed, which afterwards from their location were called 
* trivia’ • This work was placed under the superintendence of 
the ‘curatores cloacarum,’ who levied a special tax*, ‘ cloacarium,’ 
to keep it in constant repair. It had also a goddess of its own, 

' Cloacina,’ who, with her sister ' Mephitis,’ was meant to protect 
the Romans against the deadly exhalations of their sewage. In 
spite of these precautionary measures, and notwithstanding re- 
jimted thorough cleansings, — Agrippa enlarged and cleaned the 
work during the reign of the Emperor Augustus, by leading the 
waters of the aqueducts through this great drain, — the Cloaca 
Maxima became gradually filled and choked with mud and rubbish 

* It is aaid that, to the Ibolish MribblingB with which theoe }»bc«e, la tlMse SMieBt 
tUBOi, were oovered hy the velger, the wMe 'trivua* and * triSe* owe their origifL 
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to such a degfreoi that of the origioal height of 10^ feet (some 
writers give the dimensioDs as 17 feet high and 14 feet wide) at 
last only 6 to 7 feet were left, as may seen by the remains 
still in existence. The immense sums spent on building this work, 
and the unmistakable skill and genius employed in connecting 
the main sewer with lateral conduits leading to all parts of the 
metropolis — all this was not sufficient to attain the purposes in 
view, but only served to poison the Til)cr, and deprive agriculture 
of a material, the immense importance of which for manuring an 
exhausted soil was not at all understood in those times. 

These well known and iudisputitble historical facts show that 
the advocates of the sewerage by w*ater system, chiefly mlopted in 
England, commit a most serious mistake by pointing to the example 
of ancient Kome as a successful precedent! 

4. Sewerage in the -Middle AGES.—('aHhage and Alexandria 
had also well-constructed sewers ; and not only wtjre almost alltlie 
cities founded by the Romans similarly provhled, but, on the dcovn- 
fall of their mighty einpin*, her pernicious example of wasting 
8t‘wage, by discharging it into rivers, spread gradually like* a slow 
poison all over Europe; many ambitious foumlers^or nilt*rs of 
cities employing f(»r tlie purpose foreign architects, who were 
either natives of Itaily» or had at least pursinsl their Ktudi«‘8 in that 
country, and therefort* had naturally tin* tatnous ('lo!u?a Maxima 
constiiiitly as a preeetlent before thc’ir mimrs eye. Kur<>pe, how- 
ever, being no longer under the iiifluenc'e of one e ntralising 
ruling power, nations and tribes s(M>n entered upon deadly struggles 
for supremacy; and the sanguinary feudal wars hetwet*n rival 
dynasties spe^ily resulttsl in the most galling political oppnfssiotj, 
and moral and mental (h*gradation. 

The architi^cture of those j»eri<HlB wjis exclusively devoted to the 
ruling principles of the age*, religion and warfare. Hence arose 
those majestic domes and s[>ires, monasteries and fiMulal castles, 
many of which are still the admiration of mankind; whilst, at the 
same time, domestic comforts and Munitary re(|uirumentH were 
utterly disregarded, religi<»us superstition ascribing, in cases of 
pestilence, the direct conHe(|uenceH of human folly to the mysU*riuus 
visitations of higher powers. 

The city sewerage of those days was, in the first instance, simply 
borrowed from the practice of the pe.isant collecting excremtuitHl 
matters in common pits for manuring piirpcjMes. Hut the nobility 
and clergy soon began unceremoniously to use the narrow winding 
streets of crowded cities as open gutters ; the citizens followed the 
example of their betters, and alh»wed their private pits to overflow 
in the same direction. Another alKimination soon came into 
practice; faecal matters were thrown at night from the windows 
out into the street, passers-by being simply warned by a peculiar 
call to guard themselves against pollution. Edinburgh, among-<t 
many other cities, was long notorious for this disgusting practict*.'*^ 

The streets of London, according to Macaulay, at the close of 
the seventeenth centuiy, were in a similar disgraceful condition ; 
and Sir Walter Scott, in his ‘ Fair Maid of Perth,’ affords us some 

• In tbat city th« call traa oorrnpt French, * Ga^dex teauV Parti, and miny other 
continental cttieti, were likewii^ conipicoooe in that ivipoct. 
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euriotis glimpseB into the state of sanitar}' affairs in the Scotch towns 
of those days. Nor was the aspect of mediieyal towns on the Con- 
tinent any the less disgusting, as may be learned from the minute 
statements of many historical writers of Germany, France, the 
Netherlands, Italy, and other countries. 

In Holland, the cities being nearly all cut up and divided by 
concentric canals, the sewage matter was, and, strange to say, in 
many cases still is, allowed to run into them, continually producing 
exhalations of the most offensive kind. Even in our days, not- 
withstanding the superior personal cleanliness of the Dutch people, 
Holland is continually subject to endemic fevers, and regularly 
scourged by cholera, typhus, and similar ef>idemic8, the origin of 
which is now generally ascribed to the horrible effluvia arising 
from the canals. 

The erroneous notion that the noxious elements of fsecal matter 
can be neutralised by dilution and dissipation in canals, rivers, or 
harbours, was almost universally entertained ; and that the repeated, 
awful visitations of * black death,’ or plague and pestilence, were 
never traced Ito their true origin, can only l>e ascribe<i to the 
strange perversity of the people in regarding their afflictions only 
from a religious point of view, without endeavouring to study the 
laws of nature with regard to public he^alth. We need only refer 
to the many harrowing accounts by .various authors of the plague 
and pestilence, both of ancient and mediirval times, at Athens 
(430b.c.), Jerusalem (72 A.n.\ Koine (77, 170. 189, 262 a.d,), 
(\>n8tantinople (544), Marseilles (588, 1720), Florence (1348), 
Milan (1628), London (15(53, 1603, 1(525, 1(536, 1665), and other 
cities all over the world. 

5. Neolkct or Ar.nicni.TrRE the Rris of Nations. — History 
shows, not less plainly, the baneful consecjuences of not returniug 
to the soil the minenls extracted from it in gathering harvests. 
IJebig very justly says; ‘The 01i»aca Maxima engulphed for 
centuries the Uoman jieasaut’s prosperity ; and when bis exhaustt^d 
fields could no longer prcKiuce food, the great sewer became equally 
the ruin of the islands of Sardinia and Sicily, and of the fertile 
coast of Africa.* • 

However this may be, it is evident that, if the strength of a 
nation or its weakness is to be measured by its populousness, its 
grow’th or decay depends also upon the quantity of food to l>e had 
within the territory it occupies ; for it is an asceriained fact, that the 
increase or decrease of a population keeps pace not only with the 


• l>r. 84*hulU-8clmUwn»tein, who with Li^hip'n theory of minenil fertili- 

•em, Ac.. aliK) contTHihct^ in hiii book on * Exhunstion of Soilii/ the entire correctneen of 
the nboTe quotation, alleping tliat Liebin hue only taken the iM>rtion which supports his 
guitar idtws, omittiup the other ; ana, in proof of this, gires the whole passage as 
round in ColumeUa’s work. * De He RnsticA* part 1, p. 19. as follows : — Sjepennmero 
eivitatis nostrw principos audio colpantes moao agrortuu infwrunditatem, modo cc»li 
per inulta jam tempoiu noxiam fichus intemperiem. JExistimaai ubertate nimia 
piiorii »ri defatigaUun et eiRntum nolum nequire pristina benigidtute prmbere mor- 
Ulibut nliinenta. 

* Qfum ego oausis procul a reritate abosae oeztiun habeo. Quod nroue fas existimare, 
hvini aatiuiun, quam primus ille mundi geuitor perpetua f<Bciindidate donavit, quasi 
quodam morbo starilitate aSbctam : neque prudentis credere, tellurem, qwe dirinam et 
istetnmi juvenUm sortita, communis omnium parens dicta sit, quia euneta peperit 
•amper, et deincepe paritura sit, velut hMuiiiem conscnuiMe,* Ac. 
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average plenty or scarcity of long periods, but even of a few con- 
secutive years, nay, sometimes, of a single harvest, in case of 
excessive abundance or its opposite. Thus, it appears, times of 
great scarcity correspond witli a lesser number of births and an 
increased mortality of infants and of the old and decrepit among 
the poorer classes, which preponderating, as they do, largely in 
all communities, cannot but affect to a great extent the total 
number. 

Though that most powerful and reliable instrument ever brought 
to bear in aid of science and the discovery of nature's laws, namely 
Statistical Kecord, has in our own times placed this matter beyond 
dispute, and showif that the annual human increase produced 
within a country depends as much upon the nourishment to be had 
within it, as the vegetable crop of a farm depends upon the amount 
of manure given to the soil, still an attentive remler of ancient 
history can even there trace the same immutable and invariable 
law,* 

Thus, for instance, it is interesting to mark how the scarcity of 
food affected the jiopfilation of the Roman empir?*. Its de(*rease 
l>efore the last Punic war conclusively showed the inability of tin* 
soil to support the former numbers; and as tlu^ wars themselves 
could have bad only a passing influence, tl»o true cause nmst bi‘ 
found in the fact that, by tin? exliaustive proe(?ss of tilling vlie 
soil then in practice (j\istly called by liiebig ‘ Uaubbau,* n?l>l»ing 
culture, or agriculture without manuring), the earth at length lost 
its power to produei*. 

The entire fainpagna, ancient Latium, extcuuling frern Rome to 
the Pontine Marshes, onc(? the seat of a most populous race, is now 
a melancholy, barren territory. Aln?a(ly iin(h*r Pompey, Rome was 
depending upon imports of foreign hreadstnfls, and suti’en*d rejieat- 
edly from famine. The census taken by .Iiilius (-umr provc‘8 tin? 
decrease of population, the cause of which wiis not unknown to 
him ; but his laws upon the subject could of course not restore 
fertility to the exhausted domains in the ('aiiifiagna ; as little as the 
communistic scheme of Cains (iracehus liefore him, of citizens hav- 
ing all property in common, could make up for the deficit in the 
supply of food compared to the ever-in (Teasing demand. Hence 
l>oth these rulers were driven to the corupiest and plunder of 
neighbouring countries, to provide fur the wants of their ravenous 
people. 

ii^ipio (196 B. c.) began already to fe(*d the poor (?itizens of 
Rome from government c?orn-8tores procured by conquest. Cains 
Gracchus ratc?d the cpiantity given to each recipient at sixty mmlii. 
Under C’sesar, no less than 350,000 poor citizens were thus fed at 
the public expense. 

Sicily, Sardinia, and the coasts of Africa, yielding the most com, 
had to give one-tenth of their harvests as a tribute to Home ; and 
Asia, not less fertile, was declared its public domain. Under the 
later emperoiE, not only Rome but half Italy received its sustenance 

• So weU aro thei^ laws antaUlifihed and arknowleidgfNl. that in*coiuitniM tho 
army is mads up by the conscription of a certain proportion of the population, it has 
been found that not only the nnnilM^r m l)c had can with a lair chance of accuracy \ h > 
eetimated from the state of the markets eistiteen to twenty years preriotisly, but erea 
the aremge slandanl ht%ht of the men furnished. 
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from abroad, thus becoming entirely dependent upon their rulens 
for thdir daily bread. And from this time principally dates the 
rapid decadence of the mighty Boman people I The virtues result- 
ing from conscious inherent strength and independence were soon 
cbaaged iato the meanest egoism, lax morals, ciwging slavery, and 
absence of all military genius. In the time of Diocletian the free 
peasantry disappeared ^together, being supplanted by colonies of 
slaves, fanners becoming * peasants;’ * and this complete the fearful 
national decay, the last remnant of strength being consumed by 
large standing armies, who only destroyed but never produced ; so 
much so that Constantine the Great, like a rat leaving a sinking 
ship, was compelled to abandon Borne and fdund a new capital in 
the East, there only to renew the same exhausting process. 

The history of the decay of Spain reads nearly in the same strain. 
In the time of the Korrian emperors she was one of the most populous 
and prosperous countries on the face of the earth. Livy and Strabo 
extol the great fertility of Spain, describing the hundredfold har- 
vests of the plains of Andalusia. Under Abderrahman III. (912), 
Moorish Spain Counted no less than 3(),0(X),0(M) of people. The 
city of Granada alone could bring an army of 50,()0() men into the 
field ! The cky of Tarragona, in the time of the Homans, had a 
population of 1,0()0,()()0 ; under Alxlerrahman III., about 350,000 ; 
whilst in our days it has not more than 15,000 ! Herrera, in his 
work alK>ut Spanish agriculture (1598), asks: ‘ What is the reason 
that food is now so 8e4irce, and that now a pound of meat costs 
more tlian a wliole sheep ftirinerly ? ’ The later laws enacted by 
the Catholic kings of S|Miiu further prove the sterility of the soil, 
which in present times is so great, that OaUilonia yields but one 
harvest in two years, and Andalusia, formerly so fertile, but one 
in three. Was there ever a more awful example of the ruin of a 
country by neglect of agriculture? 

One of the most remarkable proofs, however, that the decline of 
fertility is not m?cessarily a process extending over centuries, is 
strikingly shown h/ the decmine of yield In the hanesis of the 
United St flies. Carefully collated statistics prove that, in ten years, 
from 184t) to 1850, in the states of Connecticut, Massachusetts, 
Bbode Island, New Hampshire, Vermont, Kentucky, Georgia, 
Alabama, and others, the wheat harvest has diminished to one-half, 
and the potato crop to one-third of former quantities. Cassius 
Clay of Alabama says, in his ten letters to the President : — * In the 
state of New York the harvest was, eighty years ago, twenty-five to 
thirty fold ; now it is but twelve, lu the state of Ohio, then a 
teeming wilderness, the yield of wheat is now but twelve bushels 
per acre, and is constantly diminishing. In Virginia, once the most 
fertile region of the earth, thousands of acres have become so 
barren that they are abandoned, and the cotton regions are in a 
condition of exhaustion, which, considering the short period in 
which it has happened, is without example.’ 

Nothing is more melancholy and sorrowful, in traveling through 

* pMMUitt, firom that is, beaUieiiB, Wbariana, or inferior caste of hmiiin 

beings. Here a ehange of meaning is seen from the ori^nal to tbe modem, resembling 
lomewliit, in an inveiW aenee, oar word which, from originally signifying 

sim]dy a * villager.* or * cottager.' that is, a fisnn laboursr, now stands lor sometfiiog 
worse than a rogne. 
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many pi^ of the United States, than to see rejj^ons, extending; 
many miles in every direction, where none but ruined farmhouses 
are met with, surrounded by exhausted fields, with fences thrown 
down, and a scanty growth of noxious weeds explaining the cause 
of this utter desolation. The roads leading past and through such 
abandoned territories amply testify^ by their washed-out and gutted 
condition, how seldom a human being now travels that way, and how 
completely the land has l)6come unfit fur habitation. The astounding 
rapidity of decay, we here notice, compared to the long periods 
requir^ thereto in the old world, is mainly duo to the stiperior 
agricultural implements uae<l by American farmt»rs, whereby the 
resources of the soil ftre at once taxed to the utmost degre(\ But, 
slow or swift, the result is always the same to the public prosperity 
of a country ! 

On the other hand, look at China, with a teeming population of 
some 450,000,000, or above one-third of the whole human family, 
crowded together on a comparatively srnalltT area than any other 
country, except perhaps Japan. Mr. Thorwirth says, in his ‘ Ca- 
nalisirung grosser Stiidte,* with respt'ot to Cliina : — •• 

‘ We cannot but be surprised, on comparing the mournful ex|i(*- 
rience of European states, and the exhaustion of Uieir soil, with 
this over-populated etnpire, which, out oft' as it wjis during Ummi- 
sands of years from all iiiterciuirse with otlu*r nations, and eonse- 
quently from all importation of foreign bremlstuft's, always pro- 
duced its own fo<Kl,and yet pres(*rved the fertility of its soil. The 
only explanation to be given is, that tlu* diinese, liketheJapane.se, 
by observation and expt‘rierice, ever knew the high value of human 
excrements and animal oftiil ; and by carefully restoring both to 
their fields, followed the only true courM(» to afford eo!ni)lete com- 
pensation to the soil, and maintain its fertility unimpaired for all 
times to come.’ 

Dn Maron, member of the late Prussian expedition to Eastern 
Asia, reports that Japan, a country of about the size of <in*at 
Britain, but owing to its mountaimuis formation only half of it fit 
for cultivation, comforUibly supporti* a larger population than (treat 
Britain, without even using animal dung, or importing gtmno, 
bones, or other fertilisers, the only manure afiplied by the Japan- 
ese being human excrements, which, most carefully collected and 
utilised, has produced never-failing crops from time immemo- 
rial; and, since the ojKming of her liarlH>urH, enables Japan even 
to export breadstuffs in considerable quantitie>i, whilst (treat Bri- 
tain is annually drained of millions and millions of money by im- 
porting food and fertilisers from abroa<l« 
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III. SEWERAGE BY WATER-CARRIAGE. 

After these introductory remarks we proceed to glance at the 
various efforts made in more modern times to remove excremental 
matters out of cities, and b«gin with the so-called * sewerage by 
water-carriage system,’ this being the first attempt, on a large 
scale, to effect the purpose by means of subterranean conduits. 

1. Old London Sewerage Work& — As many English cities now 
provided with the modern sewerage system took, as in all matters of 
science and art, their cue from the metropolis, we cannot do better 
than describe tfie London sewemge works as a general type of all 
the others, giving first a short account of their gradual develop- 
ment. • 

The site of the city of London is an undulating plain, formerly 
intersected by various brooks or creeks, eacli of which had a sepa- 
rate valley, some with sj>riugs or W(‘lls, The Fleet River, or River 
of Wells, called also the Old Hourne, now pronounced Holhurn,was 
formerly navigated up to llolborn Bridge. It liad several fine 
springs or wells, such as Saddler’s Wells, Bagnigge Wells, Lamb’s 
Conduit, Chad’s Well, Clerkenwell (n(»w all nanjes of London dis- 
tricts), and which in 1 21 H sup])lied drinking water even to the people 
living west of Chancery Lane. Th(*re w(*re also the Tye Bourne, 
the Rayswater (now called Ranelagh Sewer), and the King’s 
Scholars Pond Brook, and other main valley drains, all formerly 
open streams, ponded up at various places for oniameutal watere 
in the gardens of the n(»hility. The Fleet ditch or sewer was, by 
Act of Parliament in 1732, arched over from Holborn to Fleet 
Bridge. 

In those days cesspools were looked uj)on as the proper re- 
ceptacles for excrements, and sewers only as channels for surface 
water. The latter were at first open gutters, and only afterwards 
closed to gain more room in the streets. Up to 1815 it was penal 
to throw any excreineutal or any other offensive matter into them. 

These cesspits were built of brick or stone, often without mortar, 
leaving the walls quite porous, and hence they seldom overflowed, 
the liquids percolating continually into the ground. In course of 
time, as the population increaseil, the subsoil became studded with 
these barbarous contrivances. When improved closet fixtures came 
into use, and superior cleanly habits caused much water to enter 
these pits, they began to overflow, often thoroughly saturating the 
whole site with most offensive fluid ; it was therefore, from 1815 to 
1847, permitted to build overflow-drains from the cesspools into the 
sewers, which by sheer necessity were changed from open streams 
into covered brick conduits. 

In the year 1847 an Act of Parliament made it compulsory to 
drain all privy contents into the sewers. Prior to that time, these 
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lime under the control of eight different oommissiong, viz* the 
City, Holborn and Finsbury, Westminster, Poplar and Blackwall, 
Tower Hamlets, Surrey and Kent, Greenwich, and St Katherine, 
all independent of each other, and appointing each their own 
officers, who constructed their works without a regular plan, and 
without regard to the drainage of adjoining districts. The sewers 
were consequently of all sorts of sizes and shapes, often leading to 
confusion, absurdity, and direct counteraction of purpose, large 
sewers emptying into smaller ones, lower into higher, egg-shaped 
into round or square sections, and so on. 

The serious evils to public health arising from so disgraceful a 
state of affairs, w^hich existed also in nearly every English town, 
led to the appointment of a commission in 1844, composed of 
scientific and practical men of the first class, who were to intjuire 
into the wdiole matter and state their remedial measures. In 
• 1844 and 184,5, this commission memorialised Parliaintmt by two 
extended reports, summing up circurnstuntinlly how much sickness 
and how many deaths had resulted from the existing defective 
arrangements, and proving the great and irnmediute necessity of 
having pure air to breathe, and uneontaiiiinatt*d water to drink ; to 
secure which it w^as considert^d indispensal)lt» to rqynove all filth 
from streets and houses, to provide abundance of water, and to 
build well-ventilated lumses. 

2. Metropoutan Commission or SKWKRs.^What was thus done 
for England in general was followed up for London in particular, the 
former eight commissions being, in 1847, superseded by a single 
one, called the Metropiilitan ('ommission of Sewers, the members 
of which were appointed by gf»vernment. This new commission 
submitted, in the sjime and the f(»llowing year, three diff(Tt*nt 
reports to Her Majesty and Parliament. They nu^ommended the 
same sanitary raetusures as mentioned before, insisting very properly 
upon one uniform and systematic plan for the entin? drainage of 
J-ondon. But w'ith regard to sewers they entertained views v(‘ry 
different from those formerly held. The Metropolitan (\)rnmisHion 
insisted upon pipe sewers of small size taking the place of the 
large brick structures, upon the entire abolition of cesspools, upon 
leading all house-drains into these pipes, and making these changes 
compulsory. 

During the six years that this scdieme was fcdlowed, over 30, (KM) 
cesspools were abolished, the entire filth of London being conducted 
directly into the Thames. This example was unfortunately followed 
by a great many towns, in consequence of which the drainage was 
considerably improved, whilst the rivers were completely polluted. 

The Metropolitan C'ommission was no less than six times 
superseded, being each time entirely new and differently con- 
stituted. The second reconstitution took place in 1849, when 
matters looked very critical indeed. The Thames was loaded 
with sewage, when the cholera (the first visit of which was in 
1831-2) broke out, taking the lives of no less than 18,036 people. 
This fatality spurred the commission to increased activity. The 
public press agitated the question in a most energetic manner, in 
consequence of which the commission advertised for plans and 
designs, and received as many as 1 16 different schemes. In the 



14 


in. Seweiuoe by Wateb-cabbiage. 


midst of this excitement and confusion this commission was 
superseded by a third, who reported Mn McLean^s plan as the 
best, but could not recommend its execution. Mr. Frank Forster, 
the chief engineer, assisted by Messrs. Grant, Cresy, and Haywood, 
proposed a plan of their own for the interception of sewage, with- 
out, however, succeeding in getting it adopted. 

In 1851 the fourth commission was issued, and brought forth a 
new scheme. Mr. Forster’s health giving way under the excite- 
ment of the struggle, be resigned and died; and, in 1852, the 
commission was again superseded by a fifth, of which Mr. 
Bazalgette was chief engineer. During this and the following 
year more sewers were built, all leading iftto the Thames, and 
various fresh plans for intercepting the sewage were proposed, 
reported upon, and laid aside like all preceding ones. In 1854 
Mr. Bazalgette, assisted by Mr. Haywood, prepared a new plan, 
which was at last approved of and recommended for immediate 
execution. 

A sixth commission, appointed in 1855, merely discussed the 
subject, coming to no practical result. But sanitary matters had 
in the meantime arrived at such a fearful crisis, that the public 
lost all patieiv?e I The journals of the day teemed with stirring 
articles; pamphlets and lampoons abounded. The cholera, which 
had again appeared in 1854, and swept away over 20,000 fresh 
victims, proved at last to the plainest understanding, that mere 
talking did not mend the state of affairs, but that something must 
be done. All this violent agitation finally led to the total disso- 
lution of the Metropolitan Commissitm of Stowers and the appoint- 
ment of the present Metropolitan Board of Works, principally by 
the efforts of the late Lord Llan<»ver, who, having first officiated as 
Pn^ident of tlie Board of Health, was in 1858 appointed First 
Commissioner of Works. 

3. Mktuopolitan Boaki) of Woiikr. — This important body is 
entirely based upon the principle of self-government. Trider it 
London became dividnl into thirty-nine districts, the city proper and 
the larger parishes each forming one, whilst s<>me of the minor ones 
are united into one district. The ratepayers of each district 
elect amongst themselvw a presoribtHl numbtT of representatives, 
who form a board charged with paving, dmining, lighting, and 
other municipal interests. These district Imards elect from their 
body one or more members, in proportion to the extent and 
population of their respective districts, who then constitute the 
Metropolitan Board of Works, counting forty-five members, and 
presided over by a chairman. 

This lioard in its turn controls all the main-sewers, the Thames 
embankment, together with all new streets and city improvements, 
making also rules and bye-laws for the direction and supervision 
of the various district boards. 

Mr. Bazalgette, appointed engineer to the Metropolitan Board, 
was instruct^ to prepare a new plan for drainage and intercep- 
tion of sewage, which was approved by the board, but rejected by 
the veto of the chairman. On this bdng overrule, the plan was 
submitted to a commission of engineers, who instead thereof pro- 
posed a sdieme of their own* The board however, in its turn. 
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rejected the latter, adberiDg to Mr. Bazalgette's original plan ; 
according to which, in 1859, the works were finally commenced. 

This brief account shows that the delay caused by the bieJeerings 
and contentions of the various commissions and boards, from 1847 
to 1859, has cost the city of London over 40,000 lives by epidemical 
visitations during this protracted struggle, not reckoning the thou- 
sands and thousands swept away by endemic fevers and other local 
diseases, all more or less traceable to defective sanitary arrange- 
ments, which had been so long submitted to by an in-patient 
public. Besides this, immense wcaltl- was sacrificed during this 
period by casting into the river a inaUTial which should have been 
used in agriculture at an invaluable fertiliser. 

4. General Board of Health. — Long More this time the most 
perplexing state of sanitary affairs had called another body into 
existence. By Act of Parliament of August 31, 1848, for the 
promotion of Public Health it w’as enacted, that a General Board 
should be appointed to control the measures of all local boards. 

This act provides rules for the election of local lK)ards, the 
levying of taxes, making of laws and other regulations, by which 
all sorts of works referring to sanitary measures iiu^y Im* executeil, 
without the costly and time-consuming interferenee t>f Parliament, 
The act also furnishes various t<‘clinicul instructions, for compliance 
with which the board is held responsible. Thus, for instance, 
every new building must have a subterranean drain emptying 
itself into a public sewer, if <»!ie is to be found within a hundred 
feet from the house; if not, then into a chised cesspool. The act 
also compels the use of waterclosets. 

The powers conferred upon this most important body, the reporta 
they published, and the measures they enactiHl, of course met with 
a very lively opposition from the advocati*H of various plans and 
systems, a contention resulting in good so far that the lulvantagi^s 
and disadvantages of each particular scheme were thoroughly dis- 
cussed, and ni<»Ht Ciirefully pointed out 

Of the various reports issued by the General Board of Health 
none, however, create<l a greater sensation and met with a Htrong<?r 
opposition from eminent engineers and otlu;r professional men, 
than the ‘Minutes of lnf<»rraatioii collected with reference t(» Works 
for the Removal of Sdlwater or Drainage of Dwelling-houses and 
Public Edifices, and for the Sewerage and (’leansing of the Sites 
of Towns,’ published July, 1852. 

This report enjoined upon local authoriti(*s rules for the setwerage 
of towns which w’ere totiilly subversive of all experience and the 
[iractice of eminent engineers, and ojamly violated many a theory. 
Not content with this, the refKirt went even so far as to pass 
strictures upon and condemn certain works altogether, all which 
led to a long and irritating controversy between the parties 
interested, called the ‘ Pipoand-Brick-Sewers War.* 

The various erroneous hydraulic data adopted in this report were 
highly detrimental to the public interest, as the General Board had 
the legal power to reject all sewerage plans not in accordance with 
their peculiar notions, and to withhold their consent to the borrow- 
ing of money for executing the works. Thtis many a good English 
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imakhm to thank its imparfeet and still oostlj diaioage to the ill- 
adsised oourse so long panaed by this oommissioiu*^ 

It would^ hofrerer, he unfair to state that the Board confined 
their views to merely sanitary poipcM^ as is often alleged. On 
tlie contrary, their &vourite system united sewerage with tiie provi- 
ding of go^ water, and the application of the excrements to agri- 
culture by means of steam power. In this respect it conforms to 
the tbeoiy propounded in the * Congr^ g^n^rai d'Hygi^ne,’ held 
at Brussels in 1852, which theory was upon the continuous 
circulation of water, as follows : — 

The water falling from the clouds and absorbed by the soil is 
collected, and by means of a^iueducts sent tn all dwellings in a 
town, there to serve all sorts of domestic purposes ; after which the 
water, enriched by fertilising ingredients, is poured into sewers 
before diseases can arise out of fennentation ; and finally, by means 
of a special set of pipes, it is distributed over fields, which absorb 
the fertilising ingredients, and allow the water to run off, clear sis 
crystal, into ditches conveying it to rivers and to the ocean, whence 
it is again taken up by evaporation into the clouds, to travel the 
same wsiy over and over again. A very fine theory indeed, but 
though, perba^)s, true in the abstract, not at all practicable in the 
manner in which it was proposed to be put in operation. 

The regulations and instructions of the General Board of Health 
are based upon the sweeping assertion, that the removal of excre- 
ments can best be effected by mixing them with large masses of 
water, and that this kind of water-carriage is the cheapest mode of 
conveyance ; that even if by this means agriculture should eventu- 
ally be deprived of a valuable materia), the loss would be small 
indeed comparexl with that entailed upon a community by retaining 
stowage matter in cesspools, there to ferment and breed pestilence 
and death. 

The board further insists that waterclosets are cheaper and more 
convenient and lieulthy than cesspotds, and conse(piently instructs 
all local authorities to abolish the latter altogether. It rejects 
also the former large brick sewers, which are stated to give low 
velocities to sewage so as to form deposits, and recommends in- 
stead pipe sewers of the smallest practicable diameter, which, with 
their smooth interior and contracted area, give high velocities, 
and thus ket*p themselves clean, allowing oval-shap(Hl brick servers 
only in coses where the quantity of sewage matter requires con- 
duits of larger size than can he made of pi»ttery-ware. 

Tliis system of pipe sewers requires carefully constructed street- 
cesses or gullies, so arranged that no grit^ sand, silt, or other refuse 
gets into the pipes, but that all such matter is gathered in receptacles, 
whence it is periodically removed. It further requires not less 
imperiously waterclosets with abundance of water, in order to 
render the sewage matter fluid enough for easy and uninterrupted 
passage through the pipes. Inasmuch as most privies are situated 
in the rear of dwellings, this system advocates what is called 
* back^^rainage,* by whi^ means a lesser length of pipe traversing 
the middle between two rows of houses is sufficient, giving at the 

^ 8«s B^miirks on the lHcUiU>riiil Inteiference of the Geoeml Board of Health. 
Loadoa, ISSS. Alto. Letter relative to the Bstrauidiaary l uwera aaauiu*^ t> the 
Qenaml Board of Health. By T. Hawkealey. London, 
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MiM time m sleqper gtidient b ease i site ia ao lew that ao 
■uffieient fiill eaa be oMaiaed^ aleam-powm* maat be emplojed to 
pump the aewage matter up to the reqiiiaite height of a new 
giadient. 

The opposition of the most eminent engineering talent to these 
laWa of &e board, for lawa they were to which all had to aubmit, 
waa of the most riolent kind, especially after the outbreak of a 
most rirulent epidemic at Croydon, shortly after that town bad been, 
provided with sewerage worb in accordance with these instruc* 
tiona. 

In a report by Neil Amott, M.D., and Thomas Page, C.E,/ upon 
this subjet^ it ia said regret to state the result of our in 

vestigatioa is a conviction, that the operations of the plan for the 
sewerage have been influential in producing the disease ; and that the 
absence of proper provisions in that plan for some of the general 
requirements in town drainage, and the especial requirements of 
Croydon, has been productive of misfortune to the inhabitants.* 

Mr. Basalgette, engineer to the Metropolitan Board of Works, 
also condemned the theory of the General Boardt and pointed 
out several remarkable instances of failure of the so-called pipe- 
8y8tem.t • 

In a discussion at the Institution of Civil Engineers, Nov. 2.1rd, 
1852, held after reading a paper on the drainage of towns by Mr. 
Robert Rawlinson, the debate was very nniinatt^d ; and, in a most 
able summing up by the president, Mr. F. M, liendal, it appears 
that the sense of the meeting, including tho most eminent 
engineering talent of England, was most decidedly against the 
pipe-sewerage system. 

The Board, however, made numerous attempts to defend its(dr,t 
ascribing the mischance at Croydon ahove-mentioncHl, along with 
other causes, to bad execution, defective material, and general 
influence of climate. And that thest^ statements and the activity 
displayed resulted in something is evident from the fact, that, ac- 
cording to the board's official account of 1854, their system bad 
already been applied to no less than 182 towns, counting a total 
population of over two millions, whilst applications for power to 
execute it had come in from over 1(K) towns more I 

The prect^iog account of the great difference of opinion existing 
amongst professional men, and the many serious objections the 
majority of them raised against the rules and regulations of the 
government authorities, serves to explain the difficulties Mr. 
Bazalgette, the engineer to the London Maindraiuage Works, bad 
to contend with in executing his grand scheme of intercepting 
sewer^ which we now proceed to describe. 

* See their Repovt on an loqniiy reletire to the Preralenee of Bteeaee at Croydon. 
18SS. Alio Rap^ of Thonae WickeUjad. on the State of the Worka of Druina^ and 
Seweiage ia the Town of Croydon. 

t See hie Report, relatire to the Application, State, and Examination of Tubular Pipe 
Dratne and Sewm. ISSS. 

t See Repoete ^ R. D. Orabs«x and Henry Anetin on the Kpidemic at Cn^don. 
ISdS. Report to Metropolitan C^mismoo of Sewem on the Working of Pipe Sewem, 
May 25, 185S. CommnnieatioBs from the Oenrtal Board of Health in reepect to 
the Opeiation of Pipe Sewere. 1S56. Beporu on the Adminictiation of Uie Public 
HealA Act from lS4Sto 1854. 
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6* Loeboe Maiebraieaoe Wobes.— The objects aimed at by 
Mr* Bazalgette in the planning of his great works were the follow- 
ing 

а. To intercept, by means of large conduits, the sewage of all the 

Tarious main sewers hitherto emptying directly into the 
Thames, together with as much rain^l as could reasonably 
be dealt with; to divert these fluids by means of the said 
conduits from the river near London, discharging them into 
the Thames at such a point, that the return tides could not 
carry the sewage bhck to the metropolis, 

б. To abolish all stagnant and tide-locked sewers with their accu- 

mulation of deposits, and thus to obtain a constant, instead of 
an intermittent, flow or discharge of sewage, 
c. To provide sewerage also for districts hitherto imperfectly, or not 
at all, drained. 

It must here be stated that the old I^ondon main sewc^rs all 
passed under the low margin of the Thames before they reached it, 
discharging their eonUmts at the level, an<l at the time of low 
water only. The outlets of these w^wers were of course closed hy 
the rising of the tide, the sewage Ixnng then always forced back 
into the lower portions of the conduits. Eighteen out of every 
twenty-four hours the sewage remained thus stagnant, during 
which time the heavier ingredients were deposited, forming con- 
stantly increasing arcumulations of filth of the worst description. 
On heavy rains falling during times of high water, the closed 
sewers could no longer store the immense volumes of sewage 
fluids, which conseqmuitly rose through the house pipes, inunda- 
ting the cellars and basements of many buildings. 

The eflTect t>f such arrangements upon the Tliames can be l»etter 
imagined than described. The wuttT coming from the uplands, 
alre^y to such a degree pollutt^d by various towns and manu- 
factories that it had lost the last trace of its original transparency 
(notwithstanding which different water companies continued to 
furnish it to l^mdon for drinking!), day liy day received at the 
city the excrements of its three millions, just at the time of low 
tide. This sewtige could of course not he carried down out of 
harm^s way, hut continually returned to London with the rising 
tide, swaying down again with tlie following ebb, after mixing 
with another day’s supply of pollution. 

The progress toward the sea of many days' accumulation of 
sewage being almost imperceptible, ample time w*as given for the 
evolving of immense volumes of gases of the most deadly kind. 

he fearfbl condition of the Thames, just in front of the city, 
obtained a world-wide renown by innumerable most violent attacks 
of the public press, and was the object of many a biting but well 
deserv^ satire of Punch and various other periodicalaf 

* 8m kift paper apon the ealijeet reed before the Inetitation of OiTil EisiijMeti, tnm 
which this eccount it taken. 

t Thne,ibriaitaaee,werettdinaaEiigliakjoeitalofM«T, 18 S 8 :*Teefceida]ra|ifM«a]ed 
belbre the Lord lia^or of London two enpplicaiite with three botUee, rwpmTelj 
labelled, ftmr de le TbeiMf, Karinut de Lmim Ihtki, and Em de Stmif 
irfUeh hie Icrdsbin wat le^Metftdly reqaeeted to eaieU. Hie bndihip did cmell, and^ 
with saanj a hideoiia gmece, forthwith eigoined theM geatleswa to Irai in a 
lika maasar the tnenbim of the reeestlj apfoiated OeneA Boacd of Health and 
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It was to remedy the enormous evils arising from this awful 
state of affairs, that those stupendous works, ^led the *Main« 
drainage of London,’ were planned and executed by Mn Bazalgt^te 
and his assistant Mr. Haywood, whose talent and skill cannot be 
sufficiently praised. 

This maindrainage and the principles it involves give the dis- 
tinctive feature to the so-called ‘ sewerage by water-carriage,’ which 
must not be confounded with the various sub-main sewers and 
house-drains already in existence before Mr. Bazalgette's works. 

6. Pbinciples of London Mainurainaoe. — The principles of the 
present London drainage consisted simply in constructing new 
lines of sewers at right angles wdth the existing ones, and a 
little below their level, so os to intercept their sewage, and convt*y 
it to an outfall fourteen miles below London Bridge; the largest 
possible proportion of sewage being carried away by nierc^ gravi- 
tation, the remainder pumped up to the requisite height for a con- 
stant discharge. ^ 

At the outlets, the sewage is emptitHl into nwrvoirs situated 
on the banks of tlie Thames, at such a level as to effect a feguiar 
discharge into the river at or about the time i»f higli* water. By 
this arrang(‘inent the sewage is not only at onee diluted by th<» 
immense volume of waiter in the Thames at high tide, but is also 
carruid by the ebb to a point some twenty-six miles below London 
Bridge, and its n*turn by the folh»wing tlood to the metnqailis is 
thus effectually prevented.* 

To carry (uit this schenn* the following main points turned up 
for consideration, which fairly n*prcs 4 *nt the difficulties to be (»vi*r- 
coine in effecting the drainage of towns on tidal rivers, viz. 

a. At what state of the tide, and at what point of the river, can 
sewage be disidiarged, so as not to return to the town by tht^ 
next flood? 

Ih What is the minimum fall intercepting Ht‘werH should liave to 
fsM’ure a constant flow, without leaving de])osits ? 
c. What is the quantity of sewage, including all household fluids, 
to be discharged from the town every tw<‘nty-four hours ? 
iK Is the rainfall to pass off also into the int(*rcepting scjwers; and, 
if 80, what is the average quantity to b<‘ providwl for? 
e. The above quantities having determined the total volume of 
sewage to i>e carritfd off, what is the proper size and form of 
the sewers ? 

/. What is the best kind of engine for pumping up the sewage 


CommiiMiioD of Stiwew. It in diffii-uit tt» friro an of tho of Uiifici wnU va 
upon the naiial ami saspirutory orYmn^*, but it ApjM«nt to Iw more overpowering tbtn 
chloroform. The preparation of them! ii* an followfi : London roeeiveti daily 

cviming down tha Thamefi all the faecal matf« rw, dirty water, hoiiae-drainage and nduMo 
liquidi* of all the rarioua towmi along iti* liankii and thoae of iia branehfm. At low 
tide the city adde thereU) the cscnmienU of atiout 8,000,000 peraona, and all the Hllh, 
gartaage, o&h and naetineaH eo]lecte<i frvim the atrifete mimxl with the poieone pro- 
ceeding from ita Dnmeroua mannfartoriee. When at the rising Sood this mixture returns 
to the dty, it is carefully stirred up by the paddle-wheels of some 200 to 800 stsamem 
and left a few boors to ferment in the sun, after which it is ready for uss.* 

* See a paps^ lead by Mr. Basalgette before the Institution of Civil Engineers, 
March 14, 1SS5,ob Metropolitan Hystem of Ihoinage std tb<* Interception of the 
8ewagt» fhnn the River Thamee/ p. 11. 
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ib ttnlMr to fib o modbi dbofOr idea of flie wbole qmofcimi 
1«iifoi« Hi, let no eaot m emBory glance at cadi of ^ Aom pdiita 
ioposiitdy. 

cu of Tide and Point of Dieeharffe* — It appeani that, at 

whatever point of a tidal river sewage may be discfawged, the solid 
matters will again work their way up the stream, and deposit on the 
banks for spe^y decomposition. 

This is simply due to the greater power of the rising tide-water 
over the ebb, in conveying deposits of but little specific gravity. 
Now the qiecific gravity of human excrements is but little more 
than that of sweet or river water ; and, consequently, a very slow 
current is capable of holding it in suspense. When such water 
meets the sp^ific heavier salt or brackish water of a rising tide, 
the sweet water slides or runs over the latter in the middle of the 
stream, whilsj the salt water creeps up along the bottom and the 
banka The matters held in suspense by the sweet water will, 
when cpming into contact with the salt tide, at once mingle with 
it or float olf the surface, and thus be carried along upwards, but 
only to be deposited on the shore when the ebb sets in. This 
explains also why alluvial matters, brought down a river, are 
afterwards often found high up in the estuaries near its mouth. 

This theory was verified by Mr. Robert Stephenson and Sir 
William Cubitt, and subsequently confirmed by Mr. Bazalgette by 
the following experiment : 

Opposite Barking Creek a float was placed in the middle of the 
Thames, two hours after high water, at the period of spring-tides. 
I'his float went down with the tide 1 1| miles, and returned with the 
flood 12} miles, or actually one mile al>ove the starting-point. It 
continued to float backwards and forwanls until, fourteen days 
later, it was found at the corresponding time in high water neap- 
tides but five miles below the original starting-point. Another 
experiment showed a total downward movement by the rising and 
falling tide of seven miles in fourteen days, the float Laving some- 
times reached 6^ miles above the starting-point. 

Much depends of course upon winds, fteshets, and other causes ; 
but it seems that, regarding the Thames, it may be assumed 
with certainty, tliat any substance. held in suspense by the water 
will work its way up with the tides at the rate of about a mile a 
day, so long as the spring-tides increase, and work down stream at 
the rate of two miles a day, when they again fall off. The above 
experiments clearly showed that the lA>ndon sewage should be 
discharged at least not higher up than Barking Creek, and always 
at times of high water, 

b. Minimum Fall of Sewers . — ^The minimum &11 of sewers 
should depend of course chiefly upon the quantity of sewage in 
proportion to the water holding it in suspense ; or, in other words, 
upon the degree of consistency of the mass. The greater the 
quantity of water supplied to a town for household purposes, the 
wrester will be the velocity imparted by it to the sewage, and the 
less lihe latter's tenden^ to leave dqmita. 
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Now, aasoming the qnaiitityof water daily supplied to the inha* 
bitants of a town to be fi?e cubic feet per head, and that all this 
water is to pass into the sewers for holding the excrements in 
suspense, then experience proves that conduits should have the 
following velocities : — ^ 

Condoits of 36 inehoi diametor roquiro SO inchw per lecoiid relociijr.* 

*» ^8 (> ^ 86 ti n 86 ,, „ II 

M 6 ,, to IS II »• 40 1 ^ II II 

c« Quantity of Sewage.’-^ Experience shows that excrements add 
no perceptible or measurable quantity to the volume of the water 
supplied to the inhabitants of a town. In London the daily supply of 
water is calculated at five cubic feet per head, half of which passes 
off in six hours, the remainder in eighteen, owing to the domestic 
habits of the people. The maximuiii flow in the wealthier parts of 
London is always two to three hours later than in the quarters 
inhabited by the poorer classes. 

(/. RaInfalL — When sewers are Imilt to carry off excrements 
and house-drainage, it is by most engineers preferred that rain- 
water slumld pass the same W’ay, as the greater the quantity of 
water the easier the removal of sewage. The fact of min being 
intermittent (from 150 to 1(50 days in the year), and falling some- 
times suddenly in large quantities, only adds to its value as a motive 
power, by effecting that ‘ flushing* so mwssary for clearing stoj)- 
pages. The London maiudraiiiage sewers were calciilated to carry 
off ^ of an inch of rain water in 24 hours, corres[K>nding to a rainfall 
of about of an inch in depth, the remainder being absorbed by 
the soil or taken up by evaporation. 

e,/. Sevjersaiul Enginetf , — Having stated the ruling principles, 
we DOW proceed to give a short account of the sc^wers and engines 
of the I^oudon Maiudraiuage Works as constructed by Mr. Hazal- 
gette, for effecting the various purposes in view. There are, on each 
side of the Thames, three lines of intercepting sewers, lying on 
different levels, and crossing the street main-drains at right angles. 

7. Nobth I^nuon Maindraixaoe Works.— O n the north side 
of the Tliames, the high-level main-sewer serves for collecting 

* Let ns ittppoie V to be fif 6oki in feet per lecond ; 

A*er«« of 6uiii in Hquaro ft«ei in sewer; 

P-» length of cnrcnmferexice ; 

F«fe«'toffk]liii 1000: 
then English engineers use the following fortnuls 

V-y8.6Fj- 

la the *Senrk« dee Emu etdesEgoaU^stPsrM. on the other htadi the fomnilA need 
b Me follows : — 
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iflllXMt 10 MfiHW ni^ It &i ^ milM bo^ ; in fcnn, mo^ 
dbraolar; flod varies in dae fiom 4 feet in diameler to 9<^ by 12 
feeti Its fell IS from I foot in 200 at the upper end^ ^ ^ 
in 1,000 at the lower. Many tnnnels were required, one from 
Maid^ Lane to Hampstead, | mile long. There were also many 
houses tunnelled at Hackney, and one building near the railway 
irtation had to be underpinned and placed upon iron girders, 
the sewer being carried right through the cellar. 

The middle-level main-sewer -drains the area situated below the 
high-level, in all about 17^ square miles 6f a densely populated 
city. Its length is about 9^ miles, and two miles running under 
Piccadilly as a branch. The size varies from 4 feet 6 inches 
by 3 feet 10 inches to 9 feet 6 inches by 12 feet. 

Four miles of the main-sewer and Piccadilly branch were 
tunnelled under the streets at a depth varying from 20 to 60 feet. 
Over the Metropolitan Railroad the sewer is carried by a wrought 
iron aqiiedticlf 150 feet span. The middle- level joins the high-level 
at Old Ford, Bow, by means of Penstock chambers so arranged 
that, in cnse»of a great storm, part or all of the sewage can be dis- 
charged into the river l^n. 

The low-level main-sewer intercepts the drainage running below 
high water-mark, of about 25^ square miles. Part of this area 
forming the western suburb, I4| srpiare miles, is so low that the 
sewage has to be pumped up 17^ feet high by a steam-engine at 
C^jelsea. From Westminster Bridge to Blackfriars this sewer forms 
part of the Thames Krnlmnkment. Much tunnelling was also here 
re<|uired, the main tunnel running under the River Lea on its. way 
to the Abbey Mills Pumping Station, Here the whole mass of 
sewage is raised 36 feet to the level t»f the out fall -sewer, which, as 
a continuation of the liigh-level, unites the drainage of the whole 
northern part of London. 

The Ahl)ey Mills Ihimping Station luis 8 steam-engines of 142 
horsepower eacli, or 1,136 horsepower in all, lifting together a 
maximum of sewage and rainfall of 15,(K)<) cubic feet per minute 
36 feet high, by means of 16 pumps, e^wh of 3 feet lOJ indies 
diameter and 4^ feet stroke, and consuming about 10,000 tons of 
coal a year. 

The north outfall-sewer bt^gins at Row, and consists of two 
massive brick conduits, 9 feet high and wide with circular tops and 
segmental inverts, constructed side by side up to Abbey Mills 
Pumping Station, where they are joineii by a third conduit of the 
same size, continuing parallel with them to Barking Creek. The 
whole of these outfall -sewers, 5| miles in length, is raised above 
the surrounding countiy on an embankment, and is carried over 
various rivers, railways, roads, and streets, by means of wrought iron 
aqueducts, some of which are quite stupendous and very costly 
structures ! 

The sewer embankment is 40 feet wide at the top, and, in some 
places, 25 feet above the level of the coiintiy, its general appear- 
ance lining that of a railway bank. 

The fell of these sewers is but 2 feet a mile, or 1 in 2,640 feet ; 
and as their gradient could not of course be raised or depressed 
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BHkiag fiailwwyi hid to be lowered, eo as to allow the oewen to 
pern ofer thmi» oausiag a forther mcreaae of the already enormous 
expenditoie. 

The Barking Greek reserroir, into which these three conduits 
diseharge their sewage, has an area of 412,384 square fee^ or 
about 9^ acres, divid^ by walls into four compartments, with an 
aver^ depth of 16} feet, forming a total oapadty of about 7 
million cubic feet. The external and partition walls are of brick- 
work, the floor is paved with York flagging, and the whole is 
coveied with brick arches resting on brick piers and overlaid with 
2 feet of earth. By a«culvert communicating with the river, either 
of the compartments may at high-tide be filled •with water, whilst 
the gates of the three sewers are shut. By this arrangement the 
reservoir is periodically cleaned by flushing at low tide. 

8. South IjONdon Maindiiainaoe Works. — The maindrainage 
works on the south side of the Thames are similar. There is first 
the high-level sewer, with its southern branch, draining about 20 
square miles. Some 1,(K)0 feet of this branch are tunnelled in 
depths from 30 to 50 feet, the siEe varying from 7. to lOj feet 
diameter. The low-level sewer, some 10 miles long, drains about 
20 square miles, lying mostly below the level of high water ; its size 
varies from a single sewer of 4 feet diameter to two culverts of 
7x7 feet section ea<?h. 

The old city sewers discharging into this low-Ievel H(*wer have 
but little fall, and were, except at low water, always tidt*-loeked and 
stagnant. In times of excessive rains they became soon over- 
eharged, and days often elapsed before they could be n*lievtHi of 
their accumulated sewage, whieh in the meantime found its way 
into cellars and basements. This was, in consetjuerice, the un- 
heal thiest distriet of Loudon ! 

At Deptford Creek, the sewage is lifted 18 feet high by means 
of 4 steam engines of 125 liorsctpower, capable together of pumping 
up 10, (KK) cubic feet per rnintiU!. The chimney is 150 feet high, 
the furnaces drawing air from the sewers and the engine-well for 
ventilation. The sewage is pumpi^i up to the level of the high- 
level into the southern outfall sewer, conducting it to the Thames 
at Crossness Point in the Krith Marshes, a distance of 7j miles. 

Thu outfall sewer is entirely built underground, bfdiig a brick 
culvert of 11 feet 6 inches diameter with a fall of 2 fe<<t pi»r mile. 
At its outlet into the river the H€*wer-l>«>ttom is 9 feet lielow low 
water, leaving but 2} feet above. This outlet can be closctil by pen- 
stocks, and the sewage pumped up into Crossness reservoir, which is 
done at high water by means of four engines of 125 horsepower each, 
the lift varying from 10 to 30 feet, according to the difference of 
sewage levels in the sewer and reservoir. The latter is similar 
in construction to that at Barking Creek described before, but is 
only 6| acres in extent, with a capacity of about 4 million cubic 
feet. 

. 9. Coer or Lohdoh Sxwebaoe Works.^ — The preceding descrip- 
tion has been mainly derived from Mr. Bazalgette’s * Main-Drain- 
age of London,* publiriied in 1865. The whole of these gigantie 



24 


nL SKWXRAaE vx Watbe-cabhiaos. 


works is thfonghout a masterpiece of skill, and, oonskieriDg the 
enormous difficulties to be overcome in the course of its con- 
struetioD, confers the highest credit and honour on the eminent 
engineer^who designed and executed it. 

The cost of the maindiainage, or intercepting sewers alone, some 
62 ^ miles in length, is about 4,250,000^ sterling, which was 
rai^ b j a 3c2. rate levied on the metropolis, yielding 180,262{. 
per annum ; principal and interest to be paid off in 40 years. 

To this must be added the expenditure lavished before on the 
immense network, some 1,300 miles in length, of main-street 
sewers emptying into the intercepting conduits ; also the enormous 
mileage of house or side-drains, the latter Consisting nearly all of 
6 inch earthen pipe, whilst the main-street sewers exhibit such a 
variety of sections and dimensions, as resulted from the conflicting 
opinions so long held by the General Board of Health and the 
various commissioners and engineers engaged in the construction 
of these works. 

Thus, some of these sewers are of an oval section and large 
enough to admit the entrance of lal>ourer8, whilst others are pipes 
in conformity with the rules of the General Board of Health. In 
the city proj^er sewers are all of the former class, provided with 
street- gullies for cleaning and ventilation. The depth of these 
street-gullies, or ventilating shafts, is seldom less than ten feet, 
and often over thirty. These shafts, and a variety of costly con- 
trivances for removing stoppages and effecting periodically thorough 
cleanings by flushing, form of course also no small item in the 
capital spent on sewerage purposes. 

It is most difficult to get at anything like a correct estimate of the 
total cost of all the London sewerage works ; but considering their 
enormous extent, the astounding depth of many excavations, the 
many difficulties always encountered in subterranean works on 
account of water springs, shoring up of defective foundations and 
houses, of removing or even rebuilding them,— considering further 
the frequency of deep ventilating shafts, tunnels, and other ex- 
pensive structures, the erection and maintenance of most extensive 
pumping stations, it is estimated that the total cost of all these 
sewerage works cannot be far from thirty million pounds 
stetiing! 

10. Tcbitijlb Drainaok Works. — P>om such a patchwork ar- 
rangement as the London drainage works, in spite of their 
enormous cost, really are, let us now cast a glance at other cities, 
where so-called * sewerage by water carriage’ has been entirely 
carried out on the pipe-sewer plan. 

An interesting instance is to be found in the borough of Dundee, 
on the estuary of the river Tay. This town has a population of 
about 100,000, and its police boundaries enclose some dx square 
miles. The sewerage works were executed under the General 
Polioe Act of Scotland, which much resembles the English Health 
of Towns Act. The streets, at right angles with the river, have 
all tubular drains of salt-glased fire-clay socket-pipes, varying from 
9 inches, 12 inches, 15 inches, and 18 inches diameter, which the 
actiiig engineer deemed sufficient to cany off both house drainage 
and rainblL The intercepting sewers, running parallel with the 
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river, are brick sewers of oval section from 3 feet x I foot 10 inches 
to 4 feet 6 inches x 3 feet diameter. 

The surfiEue levels of the town being very irregular, the depth 
to which the sewers had to be sunk ranges from 7 to 21 feet; the 
deepest cutting in txap*rock was 19 feet. Manholes of 9 inch 
brick walls descend perpendicularly at all tiie junctions of the main 
and lateral sewers, and also at intervals of 120 feet. 1'bese holes 
are closed with iron covers level with the streets, and have steps in 
them for descent. The gully-drains conducting the street water 
into the sewers are placed from 30 to 60 yards apart, being closest 
together in the steepest streets. 

To prevent the ri^ng of sewer gases, a stone valve hung on a 
copper hinge closes the communication with the pipe leading into 
the sewer, and opens outwardly when pressed by the overflow of 
street water in the cess or sink where the detritus accumulates. 

To keep the sewers clean, gates are at suitable points fitted in, 
by opening which a flushing may be effected. Scrapers and other 
cleansing tools for removing silt and sand are worked from the 
manholes by means of chains and hollow iron rods.* 

The whole of this sewerage system is unprovided with ventilating 
arrangements, the engineer not deeming them necessary at the 
time. But although these works have barely existed half-a-dozen 
years, Dundee has already Ixicoine one of the un healthiest place;* 
known, just through this want of ventilation, which forces the st*wcr 
gases back into the houst^s in a concentrated form. Tlie works 
were five years in progri‘ss, and cost 52, (KH)^ 

The sewage is still allowed to run into the river about a quarter of 
a mile below the town, and is consequently lost to agriculture ; but 
it is intended eventually to pump it up from its present outlet by 
a steam engine, and to force it through 12 inch cast iron pipes to the 
Sands of I^ry, a district of barren land of some 2,000 acres, 
about seven mih« l>elow Dundee. 

I^mington, a watering-place of some 1 6,000 inhabitantj?, is an- 
other instance of the tubular drainage system, enforced by the niles 
of the General Board of Health. So is Carlisle, which in 1854-5 
w’as provided with sewerage-works under the direction of Mr. Robert 
Rawlinson. Besides 42,500 feet of earthenware, it has over 3,(KK) 
feet of cast-iron pipe-sewers, both of which are especially remark- 
able for their little fall. Wherever the sewers change either their 
gradient or alignement, brick shafts are built; and also every- 
where else, some 300 feet apart, both for descending into them, 
or lowering a lamp for examination. In Salisbury, Sherborne, 
Southampton, Gloucester, Woolwich, Rugby, and various other 
towns, the pipe or tubular system is likewise carried out. 

Newton, a town of some 24,000 inhabitants, on the river Usk, 
where the ordinary rise of tide about 35 feet, has been very neatly 
drained by Mr. Alfred Williams upon the tubular plan. But the 
sewers can be discharged into the river only at low water by means 
of four outlets, two of which only, the new ones, are arranged for 
eventual utilisation of. the sewage. The outlets are closed by iron 
disc-valves by the action of the rising tide, during which time the 
sewage of course accumulates. To counteract the evil effects of 
such stagnation, carefully built ventilating shafts and manholes 
^ve been everywhere provided. 
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Manchester is remarkable for the fact that the sewerage works 
serre only for rain and street water^ excluding excrements and 
house-drainage. This is princif»a1ly owing to Mr. Heron, who 
most energetically opposed the introduction of waterclosets, so 
that of 66,000 houses only about 12,000 are provided with them. 
The ftecal matters are collected iu cesspits and daily mixed with 
the cinders and ashes of stone-coal, nearly the only fuel used there. 
These cinders are supposed to act as a deodoriser,* and form with the 
excrements a sort of compost^manure afterwards sold by the city, 
yielding some 8,700Z. per annum. This manure is carri^ princi- 
pally by railway to Lincolnshire, about 60 miles distant, the pur- 
chasers paying the expense of transport The city empties each 
cesspool twice a year, employing some 120 men and 43 horses, the 
maintenance of which amounts to 18,300^ Deducting the above 
proceeds of sale of manure, this method of sewerage costs the city 
of Manchester nearly 10,000/. a year. 

Kichmorid, on the other hand, has a tubular sewerage system 
for the excrements and house-drainage only, rain and street water 
l)eing carefulljf excluded and discharged separately through the old 
conduits into the Thames. The town is supplied with water at the 
daily rate of about 5 cubic feet a head, half of which finds its way 
into the sewers, between morning and noon. There are nearly 53,000 
feet of pipe-sewers, varying from 9 to 20 inches in diameter, and 
also some 13,500 feet of oval brick-sewers from 3 ft, 9 in. by 2 ft 
6 in. to 4 ft. by 2 ft. 9 in. 

11. Sewerage by Watkr-carriage.— W e have now, we think, 
quoted examples enough of so-called ‘ sewerage by water-carriage,’ 
to show clearly what it is ; and the reader will no doubt wonder 
with us, how arrangements, abounding so much in technical uncer- 
Uuuties and contradictions of all sorts, ever came to be dignified 
with the name of a * system.' 

This sewerage scheme may generally be stated to be nothing 
more nor less tlian a variety of conflicting methods, by which excre- 
mental matters are mixed with copious volumes of water, brought 
often from long distances at an immense cost, and thus removed 
from dwellings by means of most expensive subterranean conduits, 
of all sizes and forms, with or without ventilation, laid to all sorts 
of gradients, to some place or other outside a town for discharge 
into a river or elsewhere, the question of * whaJt to do with the 
eeiviiffe ’ being as far from an acknowledged correct solution, as the 
primary question of removal itself It is now with regard to uti- 
lisation of sewage that we shall have a few words to say. 

* We Mftj * suppled to act/ for it is well known that these ashes are no disinfectants. 
In many places this error has led to much i^knesa. The * Lancet/ sjieaking of the late 
epidemic in Wales, mentions the parish of Herthp-Tvdvil, where in a population of 
54,760, $76 persons liave been attacked with a seeere form of cholera, of wh^ nomlier 
116 hare died; while of diarrhoia, 1819 oases hare been treaty of whom 12 died* Ao- 
oording to the reports of the oiB^rs of the Board of Health it has been clearly shown, 
*that the disease found most of its Tictsras in neighbourhooda where oTerflowing 
oseepools and «s6 dktrgtd wUk houm exii£ad.* 
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IV. UTILISATION OF SEWAGE DILUTED BY WATER. 

1. Dilution op Sewage. — To understand fully the enormous 
difficulties involved in the utilisation of sewun^e diluted hy water, 
we must have first atlear idea of the comparative volumes to be 
dealt with, which may l>e gained by taking a town of an art^a (»f 
one square mile with a population of 25, (HK), this l>eing about an 
average density of population in Europe. 

The faecal matter yearly produced in such 
a town, at ten cubic feet per liead, the 
annual average given by many exact • 

measurements, would amount to . . 250, 000 cubic ft'ct. 

The water used at the daily rate of 5 cubic 

feet per head, gives .... 45,()25,(ft)0 „ 

Rainfall ^tli of an inch during 150 days 
in the year, or say 18 inches on a square 
mile 4LH17,r>00 „ 

Total .... 87,002, (>()0 „ 

of which only 250,000 are fertilising matters, the remainder of 
87,442,000 cubic feet being mere water. That is to say, t.o re- 
move one part of excrements not less than 350 parts of water are 
used, which must of course afterwards be again got rid of. 

In America and other new countries, a city population of 25,(K)() 
would perhaps be spread over an arui of say nine or ten square 
miles, in bouses containing but one family each, surroimdc'd by 
spacious gardens, and approached by wide stree^ts ; there of course 
the proportion of water to excrements would he immeasurably 
increased by the larger quantity of rainfall. 

The methods hitherto employed fur disposing of sewage licjuid 
may be classified as follows : — 

а, Cfifftinf/ them ftimply info rlvera or harbonrSy a method in the 

highest degree olyectionable on sanitary and agricultural 
grounds, but n eve H he less, strange to say, followi^ by almut 
nineteen out of every twenty towns ; or, as Mr. Robert Raw- 
linson said two years ago, ninety-nine out of every hundred 
towns in the United Kingdom, including the metropolis. 

б. Utilising the sewage in a liquid form on level lands, either by 

surface-channels, or imderground pipes and bose*and-jet dis- 
tribution, or subsoil irrigation, or total submersion, 
c. Utilising the sewage by separatmg solids from fluids and 
manufacturing artificial manure of some kind or other. 

As regards the first method, we refer to what we have previously 
said, and proceed at once to describe the second mode of utilising 
sewage. 
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2. Surface Sewage Channels. — By this method the land is first 
carefully aud evenly graded down a gentle incline no holes or 
uneven places being allowed, as tbe former would cause stagnation, 
and the latter interrupt the flow of the liquid. The land is then 
laid out in what is called the *pane-and-gutter system,* which 
simply confdsts in conducting the sewage along the head of the 
field in an open ditch, running level or in the direction of the 
least fail of the ground. From this ditch trenches, called ^ carriers,* 
or * grips,* are dug in the direction of the greatest fall of the land, 
and stops are placed in them, causing the fluid to pond up and 
flow right and left over the field, which stops are removed or shifted 
during the day to suit requirements. * 

In case the land has but a very slight fall, it is laid out in a 
series of ridges and furrow's, the sewage being conducted by an 
open ditch into the furrow on the highest part of the field, and 
allowed to overflow the little ridges in succession. In case of a 
steeper incline or a side hill, the land is sewaged by catchwork* 
trenches running as horizontals along the contour of the hill, thus 
making a set bf carriers one above the other. The liquid is of 
course first brought to the highest one, falls then over the inter- 
vening laud to the next, and so on to the bottom of the field. 

In all these kinds of surface channels the sewage is allowed to 
flow slowly, or with a gentle ripple, over the whole of the grounds, 
washing around the lower part of the stems of the plants, the soil 
absorbing part of the fertilising ingredients, which thus eventually 
reach also the roots. At the bottom of the field the liquid falls 
again into another ditch in a comparatively purified condition, 
and is carried off towards the next river, or the oe^on. 

The meadows of Beddington, near Croydon, give a fair example 
of this irrigation system. The town has a population of some 
35,000, producing daily without rainfall about five cubic feet per 
head of sewage (excrements diluted by water), or eight cubic feet 
including rain. These quantities correspond to sixty-five tons 
without rainfall, or ninety-eight tons including the same, per head 
during the year. The local board of health has rented 400 acres 
at 4/. per acre, of which 312 are irrigated with sew^age, the other 
80 being situated too high to be reached by the gravitation of 
the liquid. The sewaged acres are subrented again to a farmer 
for 51 . per acre, including the sewage, which is allowed to overflow 
twenty to thirty acres at a time for four consecutive days and 
nights, three times lietween the cuttings of the crops of Italian 
rye and meadow grass. 

The farm is about three miles from Croydon. At the outfall of 
the sewers, a considerable distance from the town, the sewage is 
received in two large brick basins some three feet deep, in which 
the solid matter is retained by means of strainers. Upon clearing 
this matter out, it is mixed with street sweepings, &c., and sold to 
&nners at 2s. per ton. This part of the works is excessively 
offensive. From the tank the liquid is conducted to the fium by 
an open channel about four feet vride, which also exhales an un- 
bearable stench. The lye-grass grows there very luxuriandy, and 
is continued for tluee consecutive years, after which it bcrnmea 
necessary to plough the sods in and plant mangel-wurael, or some 
other root crop^ i^er which rye-grass is sown again. 
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It appears that the soil does not take the fertilising matter up 
by a process of percolation, but that the fibres of the plant absorb 
the nourishment direct irom the* fluid, and do this in so far 
that, after it has run its course over the fields, it is comparatively 
purified : in this condition it is discharged into the river Wandh^ 
It will be shown hereafter that this fluid is, however, anything but 
fit for use, bolding still as it does in suspense or solution many 
organic and inorganic substances. In either case, it is evident 
that a great waste of fertilising matter is incurred ; for, according 
to a paper read by Mr. Latham, the able engineer of the works, 
l>efore the Institute of Civil Engineers, the ammonia alone fur- 
nished by that sewaj^ per head of population is worth annually 
8s. and 6(i. ; and as he applies the sewage at the rate of one acre 
for every 100 inhabitants, it follows that each acre, which pays 
but 5L rent, receives by this process annually 42/, 10s. worth of 
ammonia. In other words, he furnishes the farmer on those 312 
acres actually with 13,260/. worth of arnnumia, and obtains in 
payment 312/. in all, deducting the 4L per acre paid by the town 
from the 5/. received. Truly a tremendous sacrifice.* 

3. UNDERGnOUNO PiPES AND PlSTRIBlTTION HT HoSE ^TD JeT. — T his 
method brings the sewage into the field by means of urulerground 
pipes, laid in a sort of network over the whole grounds to Ui 
manured. Pipes with couplings or hydrants for attaching a hose 
are fixed at certain points, and a pressure or head of the sewage is 
kept up in the pipes, either by pumping, or by the fall of the land 
keeping it ponded up in a tank. Ten feet bead is the least that 
will serve. The sewage is thrown over the fields in a sort of a 
shower from the nozzle of the hose. This process is, however, not 
capable of application in all seasons. Another great objection is 
the dragging of the hose to and fro over the growing crops. Kesides, 
the fertilising ingredients are applied to the leaves, and not to the 
roots, which results in a positive injury to the plants, and is an 
unnecessary waste of manure. This system has been repeatedly 
tried, but always with discouraging effects. 

4. Subsoil Irrigation. — For this process porous pipes, or tubes 
perforated with small holes, are laid under the ground, through 
which the sewage liquids are forced. On fields with subsoil 
drainage pipes this can sometimes be done by temporarily stopping 
up their outlets and putting on sewage connections. This plan has 
lieen variously tried, especially in Switzerland, but proves rather 
expensive and unsuccessful besides. 

5. Total Submersion. — This method differs from the surface 
channel plan so far, that the sewage liquid submersing the field 
is not allowed to flow off over it, but remains at rest, and thus 
stagnates, as is extensively practised in Piedmont and Lombardy 
for the growth of rice and rye-grass. The following table, taken 
from Mr. Latham’s paper, ^ On the Utilisation of Sewage,’ gives a 

* 8m Appendix, No. 8, hy Bobeit Bawltnaon, C.E., in Third Report of Bojnl Com* 
mWon appointed to^ inquire into the beet Mode of Utilieing Sewage. London, 1565. 
AUo a Paper read hj B. Lat h a m , C.E., before the Soeiaj of Engtneen, AmU 9, 1S66, 
pnhfinhed ia * Engineering,* April 27f 1866. 
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BcAiediile of towns where tHe liquid application is more or less 
followed : — 


1 Town! 

!po|nSation Kmnberof Gallone per Day 

AoNiimder 

Irrigattoa 

Alderfthot Camp 

. ’ 14.000 


250 

' Alwirk, CannoDgiate . 

. 1 6,000 

800,000 

350 to 400 

Binglt^y, Yorkahire 

♦ ' tt 

ff 

30 to 40 

Birmingham 

. 300,000 

15,000,000 

130 

Braintree . 

, 60,000 


20 

Bunr St. Edmundi 
Carlisle 

• 1 »♦ 

Kxperimenting 

»» 

21,000 

848,000 

80 

Cheltenham 

36,000 

1,004*, 000 

120 

Croydon 

. i 

2 to 5 millions 

360 

Kdinbhrgh . 

. ; 180,000 

♦1 

99 

licipwood . 

. ‘ 2,200 


6 

Lei-k .... 

. 1 10,500 

400,000 

130 { 

{ ManefleM . 

. 1 10,000 

ft 

400 ! 

, Melton Mowbray 

. ' .. 

Experimenting 

„ 

I Milverton . 

1,400 

4.000 1 

4 { 

1 Mold .... 

4,000 

6,000 


' Nottingham ^ 

. „ 

I Experimenting • 


OHWeetiy . 

- 4f 

: Proposed to irrigate 

300 

1 Rugby 

8,000 

80,000 to 200,000 

100 to 500 

Ht. Thomas, Exel«*r 

* «• 

j Proj>uHfd to irrigate , 

150 

Swaffham . 

2,000 


5 

TavistoOk . 

. 8,000 

* ” 1 

00 

Uckfiold . 

. , 1,200 


4 

Worthing . 

. 1 6,000 

700.000 1 

40 


In order to estimate the true merits of the application of liquid 
sewage to lands it must be remembered that, of the small pro- 
portion of useful fertilising matter it contains, fully scren-eigliths 
are in ^ state of solution. There is no cpiestion but that in hot, 
dry, and arid countries, irrigation itself cannot but produce useful 
results ; and if the moisture applied contains, at the same time, 
fertilising ingredients, the beneficial eflects will of course be con- 
siderably increased. 

Thus in Spain, Northern Italy, and British India, irrigation on 
a large scale has proved highly useful. In Piedmont al)out one 
and a half million of acres are so treatttd ; and in Lombardy 
nearly six millions. The soil in both these countrit^s is composed 
of deep beils of gravel overlaid with light sand. The volume of 
wraler annually used amounts to from «0,()O() to 12,000 tons per 
acre. Hie mean temperature is about 75® Fahr., the maximum 
90® ; and in some places, as Mantua and Milan for instance, even 
98®. Those regions have, on an average, 200 clear days of burning 
sunshine, 125 cloudy days, and but 40 of rain. At Brescia, two- 
thirds of the entire year, the rays of a fierce sun are unchecked by 
clouds. 

Tlies^ facts, namely a torrid climate and a light sandy soil, go 
far to explain the splendid results obtained by Uie application of 
large volumes of fertilising water in those countries. In England, 
however, these conditions are wanting; nor is there any evidence 
that, except under fortmiate cireumstanoes but rarely met with, 
this method would-be found to pay at all, many lands, indeed, 
rewiring constant drain^ instead of additional moisture. 

The success of the irrigation scheme, as for as it goes, at 
Edinbui^k Croydon, is miunij due to causes of very rare 
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occurrence. There, sewage is applied without stint and with 
little expense by mere gravitation ; and produces, it is true, heavy 
crops of grass. But if the sewage had to be pumped up, as at 
Carlisle, Kiigby, Watford, Worthing, and elsewhere, the balance 
would also there soon be found on Sie wrong side of the account. 

The Edinburgh sewage meadows, so often quoted by sealous 
advocates of the irrigation scheme, are as follows : — 

a. Tht Locliend and Spriyig Gardens comprise about 35 acres, 
laid out in ditches conducting the sew’age, and allowing it to over- 
flow right and left from the beginning of March to the end of No- 
vember, each acre getting the flow of a 12 in. x 8 in. stream at the 
rate of 2 miles per hour for 10 days of 1(5 hours annually, equal to 
about 31,000 tons per acre per annum. The crops raised 
chiefly coarse meadow-grass (Poa trivialis) and couch-grass (Triti- 
cum repens). On the higher lands, Italian rye-grass (liolimn 
pertmne) is grown alternately every two years with potatoes. 

h, Crai^entinny Meadows consist of 1-90 acres under sewage 
irrigation by gravitation. The land was originally barren sand, 
but is now covered vrith a coating of loamy soil. The stops in the 
ditches are so arranged that the whole of the water flows, once in 
about 3 weeks, over 2 to 2^ acres at a time, changing every 3 or 4 
hours during the day, the process going on during the entire 
summer and part of the winter, the immersion being some 70 to 
80 days. Four or five crops are produced in the year t>f the same 
kind m in Spring (tardens. 

r. Kosebnni and Dairy Meadows^ w(»st of Edinburgh, 

contained alx)ut 100 acres, but are now reduced to HOthnmgh the 
passage of railways, which had to pay a compensation of 1000/, 
per acre. Tlie soil is gravelly sand and part loamy, with a subsoil 
of clay. The treatment is substantially the same as above d<‘- 
scril)ed. The manager, Mr. Thompson, luis in course of t\ma tri(;d 
the growth of some twenty different kinds of grass, but all diwl 
out with the exception of those first named. 

d. Quarry Holes Meadmvs consist only of 8 acres of perma- 
nent meadows, and are chiefly remarkable for the large quantity 
of sewage applied to them, lieing not less than (15, (KK) tons per 
annum. Tlie process goes on day and night, including Stin<]ayK, all . 
the year round, except only during frost. 

e, Granye and Ilusehank {HroufjhUni Road) Me(ulows. — The 
tw’o remaining ones, of resfK^ctively IflJ and 6 acres, are managed 
much in the same way as the preceding. 

This mode of utilisation has been applied to some portions of 
the Edinburgh meadows for owr two centuries. The distribution 
is entirely by open carriers, and the quantity of liquid manure 
applied excessive. 

Regarding the application of sewage liquid to com and other 
rotation crops, the trials at Rugby, Watford, and Alnwick are 
illustrative. At Rugby, which has some 7(X)0 inhabitants, the 
sewage was collected in a receiving tank, and thence pumped with 
a 12-bor8epower engine through iron pipes laid over 470 acres 
of mixed grass and arable land, an arrangement in existence some 
13 years. One tenant, who b^an with 190 acres, has gradually 
reduced the area of application, until be finally abandon^ the use 
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boas and jet altogeHer, conSaiag bitoBelf to 20 aam of lye^ 
gram and meadow land. Before 1861^ a tract of 280 acres was 
worked* by anotber tenant who, after trying sewage botb on arable 
and grass^land, bad to give it up throng the losses be sustained. 

Tbe present tenant had the same farm arranged for pipe, hose, 
and jet application, to all sorte of crops, but has now r^uc^ i^is 
operations to 100 acres of grass land manured by open runs. 

At Watford, the Earl of Essex prepared 210 acres of arable and 
grass land for pipe, hose, and jet distribution, but had also 
gradually to contract his operations, exp^ence proving that one 
acre of rye-grass yields a better return to this kind of treatment 
than 40 acres of wheat * 

Near Alnwick, the Duke of Northumberland put down ma- 
chinery and pipes over some 270 acres of mixed land, and applied 
sewage in various quantities to all kinds of crops; but although the 
tenants got the sewage free of cost, the whole arrangement has 
been abandoned, the bailiff of the district reporting unfavourably 
against the use of sewage liquid for com or any rotation crops 
whatever. * 

The royal commissioners, Professor J. Thomas Way and Mr. J. 
B, Lawes, charged with an inquiry into the best mode of utilising 
sewage, &c., give the following interesting items as a summary of 
their most carefully conducted experiments relative to the com- 
parative value of sewaged and unsewaged grass : 

When cut and given to fattening oxen tied up under cover, 
more sewaged than unsewaged fresh grass and bay was consumed 
by the animals, in order to produce a given weight of increase. 
When oil cake was used in addition to sewage food, the results 
were better. 

Milking cows proved more productive both in milk and increase, 
when fed on unsewaged than on sewaged grass. But, considering 
that more crops can l>e cut with the sewage process from a given 
field, a sewaged acre will keep a cow a longer time, increasing thus 
the amount of milk three to fourfold. There is comparatively 
little difference in tbe composition of the milk produced from the 
two kinds of grasses; only that from sewaged grass is less rich, 
containing not so much casein, butter, sugar, and total solid matter 
than that from unsewaged grass : it has, however, more mineral 
ingredients. 

The commissioners sum up the result of their scientific obser- 
vations, extended over eight years, as follows : — 

а. Tlie proper way to dispose of sewage liquids is by applying 
them continuously to land, by which alone tbe most dangerous 
pollution of rivers can be avoided. 

б. The financial results of such sewage applications depend 
mainly upon local circumstances, pumping being required on some 
lands, whilst on others mere gravitation effects the purpose; heavy 
soils, which are often alone a^’^ailable, are less fit for the process 
than light lands. 

c. All local circumstanoes being favourable, profits may peiiuqMi 
aoerue; otherwise ibis system merely serves to aid in defiaying 
tbe expenses connected with the removal of sewage. 
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6. Sbparatikq Solids from Fluids.— B y ^sevrage liquid' we 
mean, of course, the thin watery mass produced in sewerage by 
water-carriage, by employing some 350 parts of water to carry off 
one part of excrements (see p. 27). As many towns are not situ- 
ated in the vicinity of fields combining all the adventitious circum- 
stances needed for a system of utilisation, which requires pouring 
the sewage wholesale over them, many attempts have been made 
to extract the fertilising ingredients from the immense quantity 
of water that is used. This interesting process may not inaptly be 
compared to mixing one atom of nwat^jiour v^ith a bu»lm of 
chaff^dnst for purposes of transpi^rtation, and then getting up a 
complicated and costly arrangement of chemicals and machinery 
for separating the flour from the chaff, in the hopt» of using it 
afterwards for food. No exaggeration, but plain simple truth, as 
the case stands. 

To make the difficulty of recovering the useful part of sewage 
fluids still more plain, we have only to bear in mind that tlio 
proportion of value of the fertilising ingredients luhl in solution in 
urine to that contained in the fieces is as six to one. • I'lu' avemge 
estimates made by Messrs. I^wes, Way, Hofmatm, Witt, and many 
others, as the mean animal produce of ammonia hy#a single in- 
dividual of a mixed population 4»f both st*xes and all ages is as 
follows : — 

Axiragc Produce jtrr Annum of loth Sturt* and all Atjr* ;)rr Ihnd : 


AiitTHiintiv. ValiK*. 

ffiA, M, l/. 

rrino . a (» 

I'Hven I'll) I 0 

T«»tal 10 K7 7 .i* 


There are also of course other ingre(li4‘nts contained in human 
f‘xcrements equally important; but amimmia being the, most pn*- 
ponderating, it may l»e safely taken as a gaugti of the comparativii 
vabu* of urine and faeces. 

Now ammonia isa g.*is composed of one atom of nitrogen ( 14*20), 
to tliree of hydrogen ( 1 ), and is readily absorbed by water in largo 
(jiiantities ; a pint of cold water can take np (iOO to 700 pints of 
ammonia before it is saturated (see page flfi). 

lu the sewage liquid the best part of the manure, ammonia, is 
therefore afloat, and a residue of solids obtainnl by till ration 
or straining cannot possibly have any great agrienltnral value. 
Ignorant or distrustful of the truth of th<*se deductions, many 
people preferred practical tests to find the manure value of the 
solid residue of sewage fluids, sparing neither expense nor trouble 
for that purpose. These experiments were perhaps promoted by 
an opinion very generally entertained, that the excremental solids 
alone were polluting the rivers, whilst the fluids were held^ to he 
comparatively innocuous ; others again considering the whole of the 
fseces a nuisance only fit to be thrown away, or got rid of at any 
cost. 

For the information of our readers we will now shortly describe 
a few instances of such sewerage works, obtaitu^d priucipidly from 
the report of Henry Austin, £sf|., in the Second Keport of the lioyal 
Commission. 


Thtid Report of Rojsl romnnM>‘oD, p. 4'’, Si». 
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a* CfwevUry Sewerage Wcrhe * — ^Thifl town haE some 42,000 in- 
habitants. The sewage is received in a depositing t^k, whence 
it passes laterally through a coarse gravel two feet thick, confined 
between perforated boards, into a second and smaller tank, and 
thence through a second strainer into a third tank, from which it 
flows into the little river Soar, a branch of the Avon. Th^ works 
are constructed in duplicate, so that the precipitated solids out of 
one set of tanks can be removed whiht the process is in operation 
in the other. The tanks are arched over and paved level with the 
ground, tramways leading over them, along which a movable crane 
travels for hoisting the residue up through manhol^ left in the 
pavement. After removal, the excrementai matter is mixed with 
dry nibbish and thus converted into manure. The account of 
those works stands as follows : — 

Cont (if ike 

PufcliiiMS of UinU (4i Rcrc'H) mid nmd 
Conutruct ion of wiwcnigc works 

, Total 

Workiftg Expengea and 

A vcTflitc nnmiiil working' oxprnsos . . . 172 4 10 

lnt-<TOMt ufxm cost of works at 6% . . . 2o9 _ 4 0 

Total 431 8 10 

Procftods of snlo of maimrc : 1 ,1 22 tons annum 4 S 

Annual loss incurred HI 9 4 2 

6. Aehhy^de-larZcnich Sewerage Wifvks . — A small town on the 
river Mease, a branch of the Trent : population about 4,(K)0. The 
sewage is nin in open brick tanks, 70 feet long and 10 feet wide, 
built in duplicate, and divided into three compartments each, 
between wliich strainers are plticed, composwl of perforated boards 
3 feet apart The upper strainer is filled in with coarse pebbles, 
the lower ones progressively with finer, and the last with fine 
gravel. The principal deposit takes place in the first tank, and is 
removed once in 6 to 8 weeks at an expense of 13s. for labour. 
The second tank need only be emptied once a year, and the third 
of course still seldonier. These works are extremely simple, 
require no attendance, and are not even surrounded with a fence. 
The total cost was but 80/., which money the local board borrowed, 
payable in thirty years. The annual account stands as follows : — 


£ $. d. 

llont of land 6 0 0 

C'apital, iuRtalmcnt, and interwt . * .515 

Working ei}>cn««ji * ^ 

Total 17 17 6 

• Annual salt* of manure 10^ 0 0 

Annual Iom incurred 7 17 5 


c. Birmingham Sewerage ir<iT4*5.—Thk city, aith Dearly 3(^ 
inhabitants, is situated on the rivers Rea and Tame. The sewage 
is or was received in a settling tank, from which it eould^ be 
passed iDto a second over a weir of floating planks, and even into 
a third before passing to the outfiill. 

Originally there were to the right and left filtering beds between 


£ S, dt 

665 4 0 

3,764 16 11 

4.320 0 11 
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the second and third tank, one for upward, the other for downward 
filtering. The downward filter soon became choked and useless ; 
the upward was continued some time longer, but afterwards also 
abandoned. The filtering media were composed of threj inches 
of ‘ nut gravel,’ laid upon cast-iron grates and covered with nine 
inches of coarse sand. The sewage-sludge deposited in the tanks 
accumulated at the rate of 25,0(X) tons yev annum, without any 
market to sell it even at fiti. a ton. Nobody wiuited it. This 
sludge, composed of road and street-grit mixed wuth sew^age, 
cannot readily l>e dried so as to become portable. The cost of 
the whole arrangement to the corimnition of Hirmingham is or was 
some thousands of pounds per annum, which of course were utterly 
thrown away, us the rivers vrere still polluted and the land was 
more injured than benefited by the application of a stuff, which is 
only the husk and not the nourishing kernel of the sewagt*. 

These examples may he sufficient to show that tilttu*ing, tin* most 
inexjHinsivc mode of collecting the insoluble parts of excrements, 
certainly d<»es not pay ; but represents (»nly a s<»rt of round-alnmt 
way for throwing the far more valuable ingr(»dit*nt«f of the st*wagi* 
into rivers, tliere to become highly dt^triim^ntal to public health. 

• 

7. MAxuFACTrniNo AimnciAi, Mani kk. — T ht‘ hdlowing attempts 
have been made to retain some of flu* fertilising ingredients held 
in solution in sewage licpiids, and at the same time to deoilorise 
tliem. 

a, Uxbrlilffe^ a little town of ab«>ut 3,500 inhabitants, in Midille- 
sex, collected its st*wage in tanks and passtsl it tlirough l.(»xt‘s tilled 
with charcoal, a material costing, at 5/. p«‘r ton, some 70/. per 
annum. The boxes wtTe eujj»tied about every six weeks at an 
expense, including other items, of about (»()/. a year. The dt'posits, 
when partially dried, w(*re mixed with town fishes, and fuit up for 
Side at 5s, a ton; and were evt*ii then only got rid of with 
grcjfvt diffieiilty. (3iarc(»al does n<»t unsw<*r as a continuous filter, 
for, when saturated, its peculiar oxygenating powiT ceasirs, 

b, St, ThortKis, near Kx<*ter, posNesH«*H seweragt* works originally 
laid out for working Mr. Heraputirs Pat(*nt Deodoriser, in whicli 
sulphate of iron and burnt magnesian lirnestffru^ Wftre used. The 
process proved of no avail, and was abandoned. TIu* hx^al board 
then resffrted to the use of lime and bfisket-work, which also turned 
out a failure, and tin* works were discontinued in consequence <d* 
an indictment for a nuisance. 

c, Clifton treated its sewage first with sfdphato of iron and 
lime for decsiorisfition ; but as the manure thus obtained di<l 
more liarm than g«Mid to the land, the sulplmte was abandoned, 
and lime only employed. This compound w^ag, however, but <if 
little agricultural value. 

d, Leicester^ on the Soar, with about 68,000 inhabitants, de- 
odorised its sewage upon Mr. Wicksteed’s patent, the procf^ss 
proving commercially an entire failure. The works were erccte^l 
for the manufacture of a dry portable manure, which it was ho|s*d 
would sell for about Al, per ton, whilst in reality it hardly brought 
4s. This part of the works has been abandoned, nothing 
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else being now aimed at but to disinfect tbe sewage-fluid before 
throwing it into the river. 

e. Toitenhim^ on the river Lea, with a population of some 
14,000*,* treated its sewage under Mr. Higg's patent, in works 
specially erected at a cost of several thousand pounds. The ob- 
ject was the manufacture of dry sewage manure, which resulted, 
as at Leicester, in utter loss to the proprietors.* 

/. Ely^ a small town of some 7,300 people, has also attempted 
the manufacture of dry manure out of deposits of sewage-liquid. 
The works were skilfully conducted by Mr. W. Burns, C.E. The 
process was as follows : At the end of the main sewer, on the top 
of it, a tank was placed, in which clay and lime were mixed with 
water and allowenl to run down through a pipe into the sewage. 
1 his mixture fell into a movable strainer, which when full was 
hoisted up, being immediately replaced by another empty one. 
The full strainer was now emptied on a floor higher up, vrhere the 
(j< posits were mix^d with charcoal and gypstim, at the rate of four 
parts deposits; two of charcoal, and one of gypsum, and then left 
to dry. The floor was ventilated by a chimney, which served also 
as a channel for the strainers to move in. The liquid portion 
fulling below wfis filtered upwards through a perforated floor, 
overlaid with twelve inches of charcoal and six of ground gypsum. 
In this elaborate manner a manure was manufactured, which 
farmers declined biiying, because, they said, *it had no strong 
scent,’ which is nothing but the unscientific expression of unso- 
phisticated countrymen, wdiose prac*.ti(’al experience supplies the 
want of a chemical cnlucation, at least so far as to teach them that 
the presence of aumiovla and nitroffmam* compimndn — to them 
known only by their * scent’ — indicates the main value of a fertiliser. 
(Considering that at least three parts of the seven (charcoal and 
gypsum) are good fertilisers for many soils, tlie compound, notwith- 
standing the unfounded prejudice of the farmers, may have been 
well wx)rth the price asked, viz. lOs. per ton. 

These instances are emaigli to prove that stdids extractisl from 
fluid sewage cannot he manufactured into dry manure, so as to pay 
for the trouble. Ajmrt from this chemical analyses, most can‘ftdly 
conducted, of the results of various prm^esses of deodorisation 
prove, that none of them have thus far succeedeil in precipitating 
or retaining fertilising piuts held in solution, the only substances 
precipitated being those which are held only in suspense, and 
which would just as well have l)een retained by tbe mere mechani- 
cal process of filtering. 


* nurjing the past season (fall of 1866 ) ditorhoM ami typhus hare prrrailed at 
raf:e>gm*D, a iletach(*d hamlet in the parish of Tottenham. nnml>ering tome ninety 
hoimea, which, aecording to Dr. Seaton, who was instnicted by the council to make a 
snoitary invcstiimtion, was owing to the land in the immediate ridnity being treated 
with the sewngt' of Tottenham, and also to tbe inhabitants drinking water from wells dug 
just beneatli t he surfact^ of that land. Thus, of twenty«four houses haring such wells, 
not lest than nineteen had either one or more cases of sickness. Mr. Morgan, C.E., 
who was specially iustrucUd by the Prirr Council to report on the Siwerage works of 
Fage<jgren, states that all the famses in the hamlet, with the exception of three, drain 
into the aewera; and lienoe if m-as prolwhle, according to Mr. Arthur Priest, M.R.C.P., 
that tb« malimant ferers resulted from the poiaonoua exhalations ascending fnm the 
ftewers into the bouses, while tbe intestinal diseases arose fnm drinking water conta- 
minated with sewage. 
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8. PESCiPnATioN or Sewaqb bt Limb. — P rofessor J. T. Way • 
gives the following analysis of sewage precipitated by lime : — 
PrecipiiatioH of Sewa^ Ajf Lime fftoen to sijttren per Gallon. 

j Qminit p(*r OiUloi) j 

• j ! I 

TrpAtiueiit ***w4»*t***«‘^ 

I Organic matter, soluUo . . . 10 40 ! 10*35 | 

„ „ insoluble (KUji{)endtH.l) . 30*10 — 85*41 i 

Lime 10*13 ' 0*28 M*80 1 

I Magnesia . . * . . . , 1*42 ' 0*04 0*22 

Soda 4*01 2*20 

Potash 3*«« 3*80 

Chloride of Nodiuni .... 20*40 24*40 

Sulphuric acid 5*34 5*00 

Phosphoric acid 2*()3 0*45 

Carbonic iioki 0*01 ^ 5*10 8*02 i 

Silica, sand, oxide of inm, &c. . . (»*20 0*23 I 5*0(1 ‘ 

Total .... 127*30 71*08^ | 00*50 "l 

Ammonia 7*4H* : 7‘50» ! 2*80 < 

i : 

• Thip Im ill Milutiitii unly. • 

From this tahie we iltHliice the following highly important faetH : 

a. No Oiyanic Matter in precipitated^ ex(*ept Much oh was prest^nt 
in an insoluble or suspeiidcnl form, and which might just oh well 
have been retained by mechanical tiltration. 

b. None of the Ammonal of the sewagt* fluid is saved by pre- 
cipitating, which ingredient is of the utmost value for veg(*tatioii 
and agriculture, but is here entirely lost, being allowed to piisH off 
into the rivers. The small amount of ammonia n^tained in the 
precipitate is entirely due to insolubh* matter. 

c. Po/Wt, another valuable ugrieiillural ingredient, at least t<» 
some soils, btnng soluble, is lik(^wi8e carried away by the waste? 
liquid thrown into the rivers. 

(L Phosphoric Arid is precipitated (five-sixths), and would form 
a most valuable fertiliser for cereals, if by tluH pn»ctiss the lime? 
did not unite with it, forming as it does, with carbonic acid, an 
insoluble compound, absfirbing also other Husp(?n(led substances; 
and as, at the same time, ammonia is more or h?sH set fre«? and 
ready to escape, the use of lime is certainly so far injuriouH. What 
is required is to arrest the aminonia, and it is to this property 
that some acids, such as carbolic acid, owe their antiseptic qualities. 

9. Precipitation of Sewage mr Si lpiiate or Alculna. — A c- 
cording to Mr. iStothert’s process t<i a gallon of liquid from the 
Northumberland sewer w'as added : — 

OrtiinB 

Hulphate of alumina 7H 

Sulphate of zinc 34 

Fine charcoal 73} 

Total 150} 




Smmd Bitpori of Koyal Ckmimicaion, 1S61, p. C9« 
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to which after incorporation were ftirther joined 22 grains of slacked 
lime, equal, to 16f grains of quicklime. When toe predpitation 
was complete, the following were the results : — 






Grains per Gallon 

IngTodionts of Sewage 


# 








Bpforc 

Treatment 

After 

Treatment 

Pracipftate 

Organic matter, suHpended 
„ in Holntion 



• 

17*0<M 
41*03 / 

21*68 

121*63 

Lime .... 




14*71 

21*21 

13*46 

Magnesia 




1*82 • 

1*81 

0*82 

Alumina 






0*77 

9*94 

Oxides of zinc and iron 




2*04 

1*06 

8*88 

Soda .... 




2* 10 

2*26*1 


l*otash 




3*57 

3*74 1 

0*60 

(/hluridc of s«>dium 




22*01 1 

22 60 fl 

Sulphuric acid 




r>*.3I j 

32*08 J 

1 

Phosphoric acid . 




0-70 

txac<‘ 1 

1 3*87 

CarlKinic acid 




8*02 


' 8*47 

Silica, suudf &c. . 




j 10<)1 ! 

0*26 

10*63 

Total 




130*08 

107'26~’ 

i 178*10 

Arntnonia# . 




8 43» i 

i 

8*41* 

! 3*37 


• In aulntlun only. 


This t&hle proves that also by Mr. Stotliert's process the am- 
monia in solution is lost to apiculture. 

10. Precipitation of Sewaob bt soluble Phosphate or Magnesia. 
— A third trial was made in accordance with tlie specifications of 
Mr. Blyth. To a gallon of sewage were added a quantity of 
superphosphate of lime, equal to 31J grains of phosphoric acid, 
and a quantity of suljdmte of magnesia, eijual to 18| pains of 
magnesia; and lime-water was afterwards added to precifutate the 
whole. The object of tliis process was to retiiin the ammonia in 
the precipitate in the shape of ammonia-phosphate of magnesia. 
To give the trial every ehiuice, the (piantities above stated were 
larger than prescribed, and this was the result ; — 


IngradienU of 


Grainii per Gallon 


Before 

Tiratniinit 


Oif^ie miittor, Kuspt'nded . 

„ „ in solution . 

Li mo 

Sc^a 

Potash ..... 
Chlorids of sodium 
Sulphuric acid 
Phosphoric acid . 

CtirliQttie and 

Oxide of iion, sand, siliea, &c. 

Totid 

Ammonia .... 


24*37 \ 
12*30/ 

83*84 

40*27 

12*62 

21*16 

26*71 

1*69 

18*60 

2*86 

. 2*41 

6*07 1 


3*31 

A 

1<OQ 

84*30 

f 

6*40 

46*59 J 


2*48 

12*69 

21*62 

11*76 

6*00 

6*12 

6*46 

1*60 

8*13 

Ni 

s 

181*00 1 

JW-70 

7*88* i 

7-81*' 1 

2-87 


In ■olaUon only. 
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The ammoaia separated here is, as in the other processes, due 
to the organic matters of the sewage* On the other hand, fully a 
third of the phosphoric acid added in the process was left in sohi- 
tion, and passing off in the liquid was of course lost 

1 1. Precipitation of Sewage by Perchlokide or Iron.-— A fourth 
trial was made with perchloride of iron (persalfs), containing 25 
per cent of real perchloride, equal to 8*()0 per cent of metallic 
iron, used in the proportion of 6 grains metallic iron to one gallon 
of sewage. 

The results were as follows : — 


Gmin» |wr UiUlon 


liHnvdionta of 


! j Aftrr 

J pit Avion ' I^ttvipitAtion 


Organic mntt4*r . 




J)‘20 

Limo .... 




n-26 

MaguoMia . . « 





iSida .... 




1‘8U 

Potaab 




I'OU 

Chloride of calcium . 





„ „ tiuignc*iiuni 





„ „ wKhum 




/)/)8 






Phosphoric acid 




eT»4 

iSuiphuric „ . 




343 

('arUiuic „ 



1 

'•77 

TuUd 




34> 20 


t) NO 

8r»8 


4 no 
a>o:i 
020 

171 

tnioo 

a:»7 

172 
4 2' 00 


Ammonia 


2*32 


2* 38 


This process, theref<»re, seems also unable t(» separate and ndain 
the aininouia or any other manuring ingre(li(‘nt The only useful 
effect it has, is tliat a precipitate is formed, wliieh, after leaving 
above it a clear liquid, eimtaiiHMl all the suspended matter of tin; 
sewage, lioth organic and inorganic, and also tin; ph(»sphoric acid, 
which was held in solution ; finally, and this is a considerable ad- 
vantage, the sulpliureted hydrogen is removed. 


12. Hiding a Treasure. — If in the treatment of sewage nothing 
else was to lie accomplished than to render it inoffensivir, tluH last 
process, costly as it is, would go fur towards fulfilling its object* 
But is that really the i]iie8ti<m to be Holved ? Ncdiody doubts that 
means may he found to hiile a iretinure so as to make it quito 
inaccessible; but is it not, to uwj a mild term, the height of folly 
to do so, and to employ the most costly means for such a purposes ? 

The word treasure we imt advisedly, liecause Baron Liebig, 
Professors Thudichiim and Voeleker, Alderman Mechi, •MeHHrs. 
Lawes, Hofmann, Witt, and many other high authoriticts, have 
repeatedly shown the great agricultuml value of the ingredients 
contained in fsecal matters, proving satisfactorily, by history, 
analysis, and innumerable experiments, bow absolutely indispensable 
it is to national welfare, and to the highest condition of health and 
life, that this great agricultunil treasure should not be lost, nor 
hidden either. Tliese scientific expounders of Nature's laws have 
further pointed out that human excrements are * offensive ' only as 
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long B8 remain * in tbe wrong place,’ a definition which Lord 
Palmerston pronounced the only correct one he ever heard on the 
Bulqect 

This peculiar characteristic of the fieces, their offensiveness 
when in the wrong place, and the utter impossibility of rendering 
them harmless except by putting them in the ri^t one, that is 
underground, as enjoined by Moses thousands of years ago : this 
oflfensive peculiarity is but one of the unerring modes by which 
Nature herself teaches her laws, and seeks to enforce ob^ience, 
punishing without mercy any attempts to neglect or evade them. 

Professor Way justly and graphically calls the sewage liquid 
‘ a grain of gold contained in a moss of gdld guartz,’ We have 
seen that the ‘quartz,’ as produced by sewerage by water-carriage, 
is of such a stubborn nature, that all chemical and mechanical 
processes hitherto employed have failed in bringing the ‘ grain of 
gold ’ back again. 
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V. PISADVANTAGES OF SEWERAGE BY WATER- 
CARRIAGE. 

To BENDER a just criticism of sewerage l)y water-carriage, it is 
but fair to keep in view the purpose first sought to be accomplished. 
This was manifestly fo get of a miimnce in as respectalile, 
decorous, and inoffensive a manner as possible. Even as late as 
1858 this was distinctly expressed by the Royal Commission ‘ ap- 
pointed to inquire into the best mode of distributing the sewage 
of towns, and applying it to beneficial and profitable itses.' Tlieir 
Report says (pp. 21, 22): — 

‘ The great problem is to get rid of sewage, advantageously to 
agriculture if it may be; if not, at the least expense to the com- 
munity at large. Throughout the discussions that have hitherto 
occurred upon this question, the real issue has Iwen ieft compara- 
tively in abeyance. The primary consideration is, not whether the 
sewage can be made serviceable to agriculture, but whether or not 
there exists any metluKl which, consistently with a fair expenditure 
of money, falling on those who ought in justice to bear it, will 
practically rid us of the nuisance and danger attendant upon town 
sewage. The object must be accomplished ; and the (|uestion is, 
simply, how its accomplishment cuiu most satisfactorily be attained. 
All other considerations are secondary to this/ 

This Royal Commission, and none ever worked more conscien- 
tiously, or brought gre<iter talents to bear upon a subject, in their 
openly avowed expression of purpose, are evidently making a 
retrograde step from the great fact so well established and zealously 
advocated by tlie most eminent men of scicuice and national 
economy, viz. that the question of sewage implies also one of 
food. They persistcmtly look at the matter from a sanitary point 
of view only, forgetting altogether what the poor man but too 
well knows, that life suffers as much from scarcity of nourishment 
as from disease, and that famine is as unhealthy as pestilence. 
The error committed by these gentlemen was, in a great measure, 
due to the singularly contracted view of tlie nature of the remains 
of the food consumed by our br^dies, entertained by medical men 
and members of the Board of Health, whose professional opinions 
on the subject were, that this material was filth, the ingredients 
composing it poison, and the whole a nuisance, to be got rid of 
* somehow.’ They admitted that perfut/pe there might be a way to 
make it useful to vegetable life; but to do so was to injure health, 
which should not be exposed to such risks. Hence they advocated 
what seemed to them the simplest mode of effeirting the purpose, 
namely, to remove it out of the immediate neighbourhood of 
human habitations to some other place, no matter where, if only 
they and their firiends were no longer annoyed by its immediate 
presence. And so they emptied it into the nearest watercourse, 
indifferent as to where the polluted stream went, upon the old 
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jpjMqiBi ]>eiluip8, of ^ Vivona nous-mtmm^ d ioa b9 

attjft BO doute diinking tbat^ if eveiy one the same, public 

lusattli would be secured to all, and all would be rigbt 

Of course the measures thus advocated were not more effectual 
in jweventing the contamination of the atmosphere by faecal gases, 
than those of an ostrich making itself invisible by hiding its 
Wd in the sand; notwithstanding, however, such notions yet 
prevail among many men who, in these enlightened times, ought 
to know better. Thus Captain Liernur states in his notes, that 
a certain distinguished chemist, and member of the Eoyal 
Agricultural Society, at a conference he had with him in the latter 
part of last year, vehemently insisted upo4 the impossibility of 
drawing from sewage any pecuniary profit as manure, for the reason 
that the cost of collecting and transporting it was always much 
greater than its value as a fertiliser; and that hence such material 
never should be considered in any other light than a nuisance, to 
be htirried out of sight and smell with the least possible delay ; 
and be only saw how untenable bis assertion was, when reminded 
of the known Tact, that, in a great number of continental towns, 
the neiglibouring farmers purchase annually from the citizens 
their cesspool matter, at from three to five shillings per head in 
the family, which generally was given as a customary emolument 
to the servants ; a price which these fanners certainly would not 
have given (they having besides the trouble and expense of collec- 
ting and transporting), \iules8 they realised a profit. 

fiut even supposing this gentleman’s estimate of the comparative 
cost of removal, and value of the sewage, to be correct, and that 
a town, undertaking the removal and sale of the manure, paid for 
the first a sum represents! by the figure 10, and received from the 
farmers a sum represented by the figure 7, it surely is evident that 
the ultimate cost of removal wmuld be proportioually reduced 
to the figure 3, resulting iu a saving represented by the figure 7 
(ecpial to a clear profit to that amount ), instead of having had to 
suffer a loss of the whole 10, which would have been the case if 
this foolish a<lvice lunl been followed, and the sewage thrown into 
the nearest luirbour or river. 

Considering the fact, however, that by proper management the 
value of the manure is a great deal more tlmu the cost of removal, 
the reader may understand how much is lost, not only to the 
towms, but to agricultural interests, rnfortunately, just such men 
as the one here alluded to, having no practical mechanical know’- 
ledge or business skill, exert still a considerable influence on ac- 
count of their undoubted learning and scientific attainments ; and 
when consulted prevent (by giving adverse judgments based 
upon abstract theories or certain olisolete methods of manipula- 
tion) the execution of works of public utility, which really are 
practicable by means of new and improved mechanical contrivances, 
but whidi, being out of or beneath their scope of investigation, 
they seldom know anything about. 

But, in truth, the absence of this practical mechanical know- 
ledge is no valid excuse for such singular and erroneous opinions 
in men thoroughly acquainted wdth chemical analysis and its kin- 
dred soteooes. They should know better than pronounce any 
matter, organic or inorganic, decomposing and offensive to the 
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86X1868 or not, * a nuisance to be got rid of they should remember 
that, in the sublime arrangements of Nature, not a single law is 
made in Tain — ^that not a single atom is superfluous, but has its 
properly assigned function and place, for some good and wise pur- 
pose ; that, in fact, no matter can be a ^nuisance,’ unless the law 
of Nature is violated, or its intention frustrated ; and that hence, 
when any matter is found to be such to our senses or organism in 
any way (as, for instance, sewage in leaky subterranean conduits, 
or in rivers and harbours), it may be taken as an unerring criterion 
that it is not in the right place* 

Such violations of Nature’s laws are the more dangerous, as not 
one of these serves for only a single purpose, but for scweral im- 
portant ones at the same time, all mutually depending on each 
other; in consequence of which the evil effects of disobedience are 
never felt in only one direction, but in several simultaneously. 

After the above review of the erroneous opinions alluded to, we 
proceed to give a detailed account of the disadvantages of sewerage 
by water-carriage, which, independent of the principles involved, 
was in its execution more tiie result of developiinmt than of 
design. One erronc'oiis step always neci‘ssit at ed another : first, the 
saturation of the soil with urine, caused the overflow of tht? 
cesspools; their abolition led to the iisi^ of wattTclosets and house 
drainage in some shape or other, nujuiring in its turn a far nion* 
copious supply of water to flush away th(‘ sedinumt in the drains, 
thereby vastly increasing the (juantity of sewagt* to be »lisposod of. 
The main sewers were first arched over, partly to gain room in th^^ 
streets, and partly in the hope to prevtmt the escape of their <*x- 
halations ; then they were greatly enlarged and sunk <]t*ep(T, for 
the purpose of intercepting trilmtaries ; and it wjis then only tln*ir 
builders became aware of the disagn*(‘Hbh» faet, that tlu'ir outfalls 
delivered such a volume of most rniisome matter, that the wisest 
heads were comph*tely puzzled what to do with it I As the readiest 
means at hand, the sewage was uncenanonionsly delivered into 
rivers and harbours, creating such deadly pollution as soon led to 
the most alarming conse(|nences in r(»gar(l to fmhlie health. 

Then the great irrigathm scheme started into life, for throwing 
sewage liquid upon lauds, wlierever they could be found at all 
suitable for the puq>ose ; with wdiat poor results has be(*n partially 
shown in the preceding pages. OtloT ‘systems’ again tof>k the 
noisome stuff and filtered it, strained it, precipitated it, C(nic<?n- 
trated it, and analysed it, throwing the valuable ingredients away, 
and retaining the wortliless; then doctoring it with lime, charcoal, 
ashes, street-dirt, and all sorts of al>omi nations, compounded it 
into various chemical messes, dried it again with hot air or steam, 
whirled it about in costly desiccating machines, cooked it, nay even 
baked it, and afterwanis offered it for sale in all sorts of disguises, 
— as a liquid, as a lotion, as a |K»wder, as cakes, as chunks, — to 
attract customers ; most fanners, however, st/>utly refusing to buy 
it at any price, until at last all sensible people agreed that sewage 
was as much a nuisance as ever ! * 

• We cannot help remarking that thi-Me roundalKiat ways of irtmting fmcal inatfr-rs 
to no purpose whateTer stnmgly r<'iinndi« w of I)r. FrankHn*s pnnicription for 
cncnnilier sal^ : * Alt«r carefully mpariug the vegouible. mix it with pitpper and salt 
and oil and rinegar, and various otm*r oindinaottU, and Uien/ quoth the great Yankoo 
philoiopher. * pitch it out of the window.* 
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But one thing at leaet, it was confidently hoped, would be gained 
by sewerage by water-carriage, namely, the effectual removu of a 
most deadly nuisance out of cities and towns, or at least from the 
immediate olfactory and respiratoiy organs of their inhabitants. 
We shall afterwards see how far this has been accomplished ; but 
as the only proper method of judging of the comparative value of 
a result is to consider also the cost and trouble incurred in accom- 
plishing it, we must first glance, for a moment, at the enormous 
difficulties generally to be overcome, in executing the various 
works appertaining to this particular sewage system. 

1. Technical Disadvantages. — First add foremost stands the 
necessity for watei*works, the whole scheme of sewerage by w^ater- 
carriage being based upon a plentiful supply of that element, nut 
only to promote the transit of the sewage through narrow 8ul>- 
terranean channels without sticking or forming deposits, but also 
enough to keep the interior of tbem^ conduits well flushed. 

To build such sewerage works without providing, at the same 
time, for a cd^ious supply of ivater, would be like sending a man- 
of-war to sea without ammunition. In fact, a great point with the 
advocates this system has always been, that it was this very 
profusion of water which operated so favourably on the health 
of a town, because it induced more cleanly habits amongst the 
population. And far be it from us to deprecate this. We wouM 
rather recommend to double the quantity of water hitht^rto provided, 
wherever it was possible to get it; for, next to well-ventilated 
dwellings, there is nothing that promotes public health so power- 
fully as a supply of pure water in quantities enough to furnish it 
to every individual, old* and young, rich and poor, not only for 
drinking and culinary purposes, but alsti for a regular daily bath. 
Nor do we believe that rates of mortality will ever l)e reduced to 
their minimum until, even in the humblest and poorest dwellings, 
some nook l>e appropriated for thorough daily ablutions. Eight 
cubic feet [K‘r bead seems to be nearer the proper daily allowance 
than the five feet hitherto deemed sufficient. 

But our question now^ is, should the immense volume of whaler 
daily flowing from a city, increased further by large quantities of 
rainfall, really be used for carrying off excremental matters, 
amounting annually to only about ten cubic fcH per head, thereby 
obtaining a mixture utterly unavailable for any purpose whatever, 
in ninety-nine cases out of a hundred, both conslitueut parts 
being thoroughly spoiled ? 

Now, there are many towns, perhaps half the number in the 
world, 80 geologically and topographically situated, that a supply of 
water by means of waterworks requires either conduits of great 
length/ sometimes hundreds of miles, or the erection of powerful 
machinery to pump it up from a great depth, out of copious wells 
found in the lower strata of the surrounding country, out of 
reach of the filtration of the polluted soil upon which the town 
stands. Such conduits, or pumping machinery, often involve an 
enormous outlay of capital, which surely must be put down, if not 
all, at least to a great extent^ to the account of the sewerage 
works which absorb so great a proportion of the water provided in 
this costly manner, ^us, for instance, the minimum quantity 
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useii ia waterclosets^ aad which is really necessary thoroughly to 
wash and rinse the basin and pipes, may be estimated at two cubic 
feet daily per head of population. Supposing the whole town to 
l>e provided with this arrangement, the waste of water for this 
item alone would, for a city of 100,000 inhabitants, amount of course 
to 1,500,000 gallons per day ; aud supposing further the pumping 
machinery of the waterworks supplying the town to have to lift, 
it twenty feet (which is a low average of existing works), in order 
to obtain the requisite fall, so ns to reach the second floor of 
dwellings, the adoption of waterclosetxS would cause an additional 
e\q)enditure of lifting 8,680 pounds twenty feet high per minute, 
which of course forms %io small item in expenditure. 

But this is not the only expense incurred. Waterclosets, or 
some arrangement with valves and cocks to let on the water when 
required, must be provided ; contrivances not only Ci»stly in 
purchase, but also expensive to keep in repair; so much so that, 
in many towns, only ten per etMit. of the houses are supplied with 
them. 

There are few things more disgusting or n)ore (hdriinental t-t) 
the healthiness of a dwelling than a w’atereloset otit of (»rd*T, or 
without a stream of water suflicieutly strong : it soop becomes a 
nuisance beytuid eudtirancv*, am<iunting almost to a prohibition of 
tliis contriviuiee at railway stations, and other public places, wliere 
no proper care is taken, or a promiscuous cr»)wd hjw access to 
them. 

Another drawback upon the general introduction of water- 
elos(*ts is the fact, thtd the water is generally supplied hy private 
companies, who of course withhold it at once wdietiever a rate due is 
ntit forthcoming, which is a grii‘VouH burden to many a destitute? 
family, earning ciften barely enough to purchase food, and wlio are 
thus compelled to pay either heavy charges for water, or endure 
the horrible nuisance of accunnilated excrements; a dilemma, one 
horn of which is just as IkwI as the other for the poorer classc*s, who 
largely prepoinleratc in all cities, and are thus practically excluded 
from a most important sewerage arrangement, which hy right 
should be enjoyed by all. 

Loudon, with Jut area of 125 square miles, offers an interesting 
instance of the great stress a eit}" may be put to by the cuiormoiis 
waste of wat«T occasione<l hy the watercIos<?t system. Tll(^ daily 
avenige of five to six cubic fec‘t per head having proved hardly 
sufficient, all sorts of most costly schemes are broached to supply 
the deficiency: one plan contemplating to bring water from the 
Welsh hills by an aquKluct 183 miles in length, at a cost of some 
8,600,000/. ; another, to tap some streams and lakes between 
Westmoreland and Cninl>erlan<!, 240 miles away, at an exjieiise 
of only 11,200,0(K)/. I Now it is clear that, if a sewerage* scheme 
were provided, sparing the immense quantity of water hitherto re- 
quired fur waterclosets and house-drainage pipes, probably some 
rainfall basin much nearer Ixmdon could be Yound, capable of 
supplying all the domestic wants of the inhabitants, whereby of 
course millions would Ih^ savtHl. 

Another great technical difficulty is the unchangeeability of the 
principles, according to which all works must ^ c(»nstructed, 
whereby fluids are to be kept in motion by gravitation. Thus, to 
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adadt of the regular flow of a given stream, a conduit must be of 
a certain fixed size, and have a certain fall, both of which cannot 
at all be varied to suit other circumstances. If conduits are once 
constructed to carry off a certain quantity of liquid, and this 
given volume is afterwards increased or even doubled, as is now 
proposed in London by the additional waterworks in contempla- 
tion, it is very evident that the existing sewers at once prove 
insufficient, and must either be considerably altered or rejected 
altogether. 

In large towms the main sewers receive, almost every few feet, 
additional volumes of fluids from numerous tributaries right and 
left, demanding of course a constant increase of capacity. In 
really well-constructed drainage works, every sewer, whether main 
or branch, sh(»uld always discharge into a larger one; a considera- 
tion of the highest importance, whcui it is remembered that few 
cities enjoy such p(‘culiar t<»pograpljicnl sites, that all wat<*r would 
drain from the centre to the edge all arournl. In by far the most 
cases the drainage runs fr<»m one end (»f a town to the other, often 
diagonally, ia- a most tortuous line. In theory, when any matter 
is tci he Tnov(*d, the shortest haiil is of course alw’ays preferred ; 
sewerage by water-carriage, on the contrary, generally comi>els the 
longest average haul that can jwissildy ht* found. 

.The full or gra<Ui‘nt of sewers, as stated before, admits also of 
no change or variation, except in S(»iiie cases where an inverted 
syphon can he used for short lengtlis; hut even tljeii, when the dip 
is at all great, or the gra<lient8 Itaiding to and from it steep, sonnj 
means must he provided to remove tlie deposits collecting at 
the bottom; and this is either very costly, or totally impossible. 
Sewers of unequal size shotdd iu*ver he )ev(‘l at their inverts; for 
this causes the S(*wage of the larger one to dam ])aek in that of the 
smaller tributary. To avoid stoppages, both sewt^rs must l>e level 
at their crowns, and tlie tributary have a fall at its junction with 
the main; this necessity course increasing the depth of the 
main-sewer, and conseiiuently the difficulty and cost of its con- 
struction. 

Now, few tt)wns have the surface of tlndr site parallel with the 
j>lane of gradients, but undulate often consi<ienibly. In con- 
structing subterranean <lraiuag('-works, the depth of cuttings then 
increjises ivith the height of the hills or surflice waves; and no 
matter how excessive tlu' expensts it must be submitted U). There 
are cases on record where the compulsory depth of sewers actually 
reaclujd sixty-eight feet ! Cutting tlu^ii is almost out of the question, 
and tunnelling with all its attendant inconveniences must he 
resorted to. 

But even if up such great depths are required, the average 
is seldom much less than some fifteen feet, just alKiut the level 
at which constant interference occurs with the foundations or 
stability of buildings, necessitating all sorts of shoring, under- 
pinning, and other costly arrangements, or even the demolition 
of whole structures and their rebuilding afterwards, owing to the 
water which issues from subterranean arteries canying the soil 
away from under the foundations, and other similar causes. 

Aboveground Uiere is another difficulty in the rooting up of 
the streets to the great depth so often rcijuirwl, tlie consequent 
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obstruction of crowded thoroughfares, and long interruption of 
public traffic, with all its attendant annoyance and loss to the 
inhabitants, along the whole route where such sewerage works are 
in progress. 

And, finally, the cost of sewers at great depth is further fear- 
fully increased by the proportional greater height of the man-holes 
and ventilating shafts, and of the street-gully branches. Just 
imagine a long line of sewers at an avenige depth of say twenty 
feet, having at every inter\’al of UH) feet a costly chimney of a 
corresponding height. 

A last most onerous re<]uirement is the neoeasity of straight 
lines, or large radii where curves are imnitable, A sewer, with 
frtH:|uent changes of alignement and grmiii‘nt, re(|uires in pro- 
portion more shafts or chimneys for inspection mid rt^moval of 
stoppages. This is so important a consideration, that many 
engineers justly prefer to remove intervening obstacles, such as 
bouses or cellars, no matter at what cost, rather than allow them 
to interrupt the even current of streams in their conduits ; and 
but few towns have streets straight and wide enougUto give ample 
elbow-room for all tbest? exigeneii‘s. 

One of the main arguments in favour of subterraiH*an sewerage 
is the stattmuiut, that vvlieu, in iU'cordance with tin* rules of tin* 
Hoard of Ht*alth, pipe or pottery-ware drains an* ustul, the cost is 
not near so niucli ; and it is often assertcHl that many towns liavi* 
Isvii dniined in this mann(*r, whic^h would have bf*<*ti unable or 
unwilling bi expend tlie larger sum recpiired for a sysb*m of briek- 
sewers. A di>pjissionate examinatiou of tiiese claims, and the 
facts which actual experience has brought to light, and which art? 
lickuowledged by both parties, will soon show us how far this view 
may be admitted as cornn’t. 

\Vhttn the volume of fluid which is to Is? carried off in a given 
time, and with a given gradient is knt)wn,the sectional areat)f the 
conduit can be irasily t;alculated by the firmuhis of Poncelet, 
Kytelwein, IVony, Du Huat, and others, wliit^h are establislu^d hy 
carefully eoiiductt?d experiments, and have lieen rt'peatedly verili(‘<l 
l»y actual pra<:!tice. It makes, of course, no differtma? in the cal- 
culation, of wliat material the conduit is made, wli<*tlier of iron, 
lead, brick, or pt»ttery-ware, the tinly point coming into con- 
sideration being the comparative smoothm^ss of the inUri<ir 
surface. 

But a grejit deal depends upon the form or shaper of the sectional 
area; and no doubt that is the Urst which, at the lieight of ordinary 
flow, that is to say, wlien the sewer is about half full, gives the 
least lateral friction, and the greatest hydraulic (le|>th. It needs 
no argument to prove that ihestr reciuisites are l)etter complied 
with by the oval section than with any other ; above all, when the 
inv#rt has the same small radius, which is justly claimed as an 
advantage in the tubular drains. Thus, a twelve-inch circular 
setver, when half full, would nearly et^ual an oval sewer with an 
invert c»f six-ineb radius ; but when the volume of 4iewage to be 
carried off increases, the atlvantage is cleturly on the side of the 
latter. 

The statement advancerd hy some, that circular drains give a 
proportionally greater velocity with each additional volume of fluid. 
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ii evidently only partially true, as the speed of the current does 
not increase in the same ratio, else there would be no limit to the 
quantity of sewage carried off by a given conduit ; the smallest 
sewers would be as good or better than the largest, and on that 
principle the Board of Health might as well have drained towns 
by means of mere pipe-stems or quills. The only thing that can 
be said in favour of small drains is that, in case of a stoppage by 
accumulation of deposits, the back fluid forms a hydrostatic head, 
which increases in height proportionally to the length of time such 
sediment bars the way, until Anally the weight of the column 
overcomes and removes it. It may happen however, when the 
fall is not great, that sediments accumulate ^ver a great length of 
drain, gradually contracting its area over that distance, and the 
head not being high enough, the whole eventually chokes up and 
becomes an indescriliable nuisance. 

Tlie question of dimensions an<l sections being thus far settled, 
there remain yet those of comparative strength, durability, and 
cost to be looked at In regard to strength it must at once be 
acknowledged^ that in all subterranean strncfures, where no repairs 
can be made except after excavations of great depth, compelling 
obstruction 9 f thoroughfares and interruption of street traffic, no 
material whatever should be used the solidity of which is in the 
least doubtful. 

Experience baa shown this to be the case with pottery-pipes, 
which have repeatedly been found crusbKl or split over their entire 
length, or otherwise fractured. This can of course be prevented, 
in some measure, by making the ring thick enough ; as has been 
ilone, for instance, with some of the Manchester tubes, which have 
a thickness of one-eighth of their diameter, or three inches for a 
two-feet pipe. But then tlie difficulty of manufacture increases the 
cost so much, that brick sewers of equal dimensions are actually 
cheaper. Thus experience shows that a brick sewer of thirty 
inches costs about one-third less per yard than a pipe of twenty 
iuebes, under which circumstances no engineer will hesitate which 
kind to adopt. 

There is also a great difficulty encountered in the joints of pipe 
sewers, as thc^ socket -joints break the tubes by the least uue(|tial 
subsidence; and butt-joints, which are free of this fault, con- 
stantly leak. Besides, the ring is not thick enough to stand long 
the abrading action of silt and street grit, much less the wearing 
effect of scraping tools, which in some towns it has been found 
necessary to use regularly for removing such deposits as somehow 
or other would not yield even to the strongest flushing. 

This latter point also shows the incapacity of pipe sewers to 
meet another rec|uirement of subterraiKMin structures, namely, in- 
ternal inspection, it Wing utterly impracticable to make them 
laige enough to allow the entrance of a workman ; and yet this is 
the only effective means for localising stoppages, removing them, 
and effecting repairs generally, without constantly rooting up the 
streets for ttiat purpose. This necessity fixes at once the size of 
at least all main sew^ers at a minimum height of three feet mx 
inches. The branch conduits may be brick sewers of twelve inches, 
and within the w*all8 of tlie houses perpendicular pipe drains may 
be used, where they are useful and economical if made strong 
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enough. For the Tarious reasona abore stated^ uipe drama should 
be rigidly excluded from any part of the arterial drainage. 

2. Finamcul Disa]>tantaqs& — ^Tlie claim so often advanced, that 
works for sewerage by water*carriage according to the new system 
can be executed cheaply, is, as wo have just seen, utterly delusive ; 
for when the requirements of sewerage are to he fulfilled at all, the 
cost is from the very first bound to l>e a certain fixed sum, which 
afterwards generally proves out of all proportion to the results 
accomplished. 

Not that we mean to say that any sum would he too large to 
secure tiie objects ifi view, viz. perfect public health and the 
lowest minimum of mortality; and that, if the water-carriage 
system was absolutely the only practicable one, all monetary con- 
siderations should not vanish. Hut to gain a clear idea of the case 
before us, two questions naturally arise. 

Ist, What is really the work to l)o done ? and, 2nd, What is 
the price {)aid for it ? 

We answer the first question thus : simply to remove out of cities 
human excremiMits, amounting annually to some ten cubic feet per 
bead, before they have time to witurate the* soil and poison Hie 
water, and to prevent the escaipe of noxioiis gases ciuring the process 
of removal. We shall presently c<»iisider wlu’ther or no the system 
alluded to fulfils these rcHpurenients; but Kup{>oKing, for a moment, 
this to be the case, the price paid is certainly the highest that can 
possibly be imagined, Intcaiise the enormous technical difficulties 
just explained cannot be overcome in the construction of such 
sewage works, without fearfully swelling the ultimate bill of cost. 
This is amply proved by the aitnost fabulous sums spent on drain- 
age in certain towns, where the works have l)eeri executed in good 
faith, and not bungled by small pipes and other botching con- 
trivances 

But the actual cost of such works, whatever it may l) 0 , is after 
all not the principal price exacted by the famous water sewerage 
systeiu ; it is rather a mere drop in a sea of lavish expenditure ! 
The reckless and utterly foolish waste of millions upon millions, 
by continually throwing into rivers and harbours a material abso- 
lutely indispensable to agriculture, must also be taken into con- 
sideration* But too zealously has the maxim — remove the dirt, 
ccr&te qui coHie — been followed out 

We have already mentioned (see page 3.3) that, according to 
the best authorities, tlie annual excrements of an average in- 
dividual contain some 1 1 lbs. of ammonia, worth about 
shillings; adding to this 2| shillings for other useful elements 
contained therein, we have for a town of 10(),0()0 inhabitants the 
handsome yearly sum of 50,CKKl/., which, in nineteen cases 6ut of 
twenty, is remorselessly thrown away, or at the Injst worked up in 
some poor chemical messes, which either farmers refuse to buy 
at all, or which do more barm than good to the lands they are 
applied to* 

But even this enormous annual loss, amounting for a country 
like the United Kingdom, with some 20 millions of town popula- 
tion, to no less than 10,000,0002* a year, does not yet represent 
the ultimate cost of sewerage by water-carriage, l^e real final 

B 
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rlieeii i^tevAsd large impottitloiia of gwao and otlMr 
IMfibefa; but ibis fordgD scNiroe of nqpply is well known not to 
be unlimited ; and when these foreign fertiliaere are no longer to 
be founds — What then? 

Tbm, iriien threatening famine, caused hj exhausted fidds, 
compels constant importation of food from abroad, and thus by the 
high price of bread so raises the cost of labour that England can no 
longer successfully compete with foreign ebuntries in furnishing 
Staple products or manufactured comm^ties — ^when the busy hum 
of thousands of workshops is silenced, and trade and commerce 
become stagnant — ^and when the poisonous exhalations arising 
from polIuM harbours and numberless inlets and estuaries breed 
pestilence and death, thus to fill the cup of misery to the brim, — 
then, we say, will appear the enormous price which has been paid 
for this delusiVe and disastrous, silly and sinful sewerage by water- 
carriage. 


3. Sanitahy Disadvantages. — After having added up the cost 
of . sewerage by water-carriage, let us see whether the work 
expected of it is at least properly done, or whether the fearful 
price paid is altogether thrown away ; that is to say, let us ascer- 
tain, whether the human faecal matters, which, as before stated, 
are almost exclusively the elements imparting offensiveness to 
sewage liquid, are really removed without polluting air, soil, and 
wells, while in transit through these costly subterranean drains, 
wherein they are carried away by immense volumes of not less 
expensive water, with an annual loss of some ten shillings per 
head of population in waste of manure, besides interest on the 
enormous capital locked up in the works, and at the certain risk 
of causing famine and pestilence in tlie future. 

It is well known that fresh or river water, holding excremental 
matters in suspense, goes through a process of fermentation, where- 
by very offensive gases are thrown off with comparative great 
rapidity. Thus, for instance, ship-captains, during the worst 
periods of the pollution of the Thames, continued to take below 
bridge that same filthy river water on board for their outward- 
bound voyages, experience having taught them that though the 
water putreled in the casks, in course of time all gases would be 
thrown off, leaving a black changeless sediment at the bottom ; 
and that thus, in the course of a few weeks, the original Thames 
water ^would become as pure as if it had been drawn from the 
sweetest spring. 

This is a sort of natural filtration, which becomes rapid in pro- 
portion to the heat of the atmo^bere. But the gases evolved 
during this process are deleterious in the highest degree, and 
become the more dangerous when they are confined in sewers, for 
the doable reason, that there they are kept at the temperature of 
putrid fermentation ; and that, instead of being gradually dissi- 
pated in the air, as is the case with the ship-water casks just 
alluded to, the gases are discharged at the outlets of the conduits 
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Hw dwdfaiq(t in tbe UglMr pnrti nf tomi Imflniir mtardoMi 
diidiaigkig into oewen, oiilfctw modi mom tiuui mom dtootod 
Mow, mnd having still the old-Mdonod oenpooli and ^middont* 
cMitside. Mr. O. A. Rowdl, of Qacfbid, Mtiofiwtoiil j proves this in 
tegeid to his dty, in a paper, < On the Ventilation ai Seweia,* read 
before the Ashmolean Society, November 28th, 1864, pointing out 
at the same time, that the epidemic at Washington in 1857 was 
directly traced to tbe escape of gases from street sewers recently 
trapped. 

The specific gravity *of sewage gases being lighter than that of 
the atmosphere, it stands to reason that the former must tend 
upwards, and that the speed of their ascent corresponds to the 
steepness of the sewer-gradient ; so that the quicker the sewage 
liquid flows off, the quicker the gases evolved rise up. Is it not 
strange that this simple natural law should have l>eeD so much 
overlooked ; and, stranger still, that engineers should be found 
placing their opinion on record, that no ventilatiod was needed 
in sewers at all, as did Mr. Fulton in his account of the ‘Sewer* 
age of Dundee,' read l)efore the Institute of Civil Engineers ? 

In all sewerage-works constructed hy engineers of eminence, 
no cost has Ix'cn sj>ared in providing arrangements for allow- 
ing a regular escape* of gnM««, with au admission of fresh air; 
hut, tw>mehow or other, it appi^ars that all contrivances to that 
effect failcMl to fulfil their jiiirpo^*. Thus, for instance, the char* 
eo«il filters placed in the shafts do not pass the gases if the material 
is closely jmcked ; and, if it is not, the gjist's es(*ape without being 
purified by that material. It is also difficiilt t4> construct street* 
gullies for readily passing rainfall, collecting street -grit, and at the 
same time preventing the escafn* of gases; while the former slip 
in, the latter is apt to slip out, Mr. William Menzies says, that if 
any engineer would set himself tlie task of devising the l>est means 
of discharging, in the midst of the ]S)pulatiou, all the stench from 
sewage drains, it would Ik? difficult for him to plan a more com- 
plete method than street gratings aff<»rd. 

A further proof of the tx>tal insufficiency of all these contri- 
vances lies in the fact, that workmen entering sewers invariably 
experience a current of air running up the house-drains like so 
many chimneys. 

^lany engineers have placed their hopes upon the speed of the 
sewage current not allowing sufficient time for the generation of any 
great volume of gases ; but this is another fallacy, proved to be such 
by sad experience wherever the theory has been reduced to practice. 
It might already have lieen found out by the opening of a^bottle 
of soda-water, which shows more bubbles rising the more the 
bottle is shaken and the liquid a^tated. The fact of the matter 
is, there are few things more * ilrrepreaeible* than these same 
sewer gases; and our readers will no doubt acknowledge with 
us, that this particular plan of getting rid of them is the worst of 
all, being ujh'hiU work in the fullest sense of the word; for, 
notwithstand^ all artificial inducements offered to the contrary, 
sewer gases will follow their own nature, and, like Alpine goats, 
always prefer the highest places. 
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The whole case then stands thus : the foul sewage-liquid runs 
down hill to a most reckless waste of manure, and the foul sewage 
gases rise upwards, constantly reminding the bystanders that they 
are * not caught yet*’ A well-sewered town may be described as 
being supplied with a system of subterranean retorts, so arranged 
that the fluids passing through give off the largest possible volumes 
of gases, which are ciirefully collected ; and then, by means of 
chimney-pipes (for house-drains serve admirably that purpose), 
conducted into the very heart of the dwellings. 

The pressure of these gases, increasing with the height of their 
column, is sufficient to force them through any small creek, crevice, 
or accidental leivk, that may anywhere be found, and ^ hinc iUce 
lacrymcBi* hence that faint, sickening, poisonous odour w^hich 
seems almost omnipresent, blackening paint and table-silver, and 
proclaiming, by all sorts of signs, the terrible fact, that truly 
* death is in the air,^ This volcano of fever-damp, more pestilent 
than the fire-damp of a coal mine, is that which makes Liverpool, 
Newcastle, Dundee, and iuniimerahle other cititMS so very unhealthy; 
which, in the case of London, makes the elevated districts, such as 
Highgate, Hampstead, Upper Clapton, i^e., but too often mere 
abodes of infection, where the powerful tissences of filth continually 
generated from Harking (Veek upwards are daily and hourly 
consumed, thus causing putrid and enteric fevers to be almost en- 
demic in those districts. It was this destructive gas which created 
the Windsor epidemic that caused the death of H. R. H. Prince 
Albert, and even drove the court out of Buckingham Palace. ‘ Go 
where you will,’ says the editor of ‘Engineering,’ in his impr^sion 
of Jan. 12, 1866, ‘ it is met with, filling the carriages passing by, 
lying in w’ait to receive us in offices, pai^lours, private boudoirs ; 
being stored tij) in every burrow of the earth, in every hollow of 
the walls and ceilings, ready to issue forth nt any moment, to make 
us sicken and slmdder.’ 

But it is not only the editor of this, the ablest and best con- 
ducted ongineiTiug periodical, who thus expresses himself. Mr. 
Bazalgette, chief engineer to the Metropolitan Board of Works, 
who is no doubt the most pnictical sewerage engineer of the 
country, frankly confesses, in his report of 1865-66 to the Board, 
the almost impossibility of arresting these gases, or keeping them 
from doing barm. Thus he states, in Appendix C : — ‘ It is ne- 
cessary that all sew^ers should have free ventilation into the open 
air, or the gases generated in them escape through the untrapped 
houseHlraiuB into the houses, where they become dangerous* and 
offensive. Moreover, without such ventilation it would not be 
possible for men to entc^r the sewers to cleanse and repair them. . . . 
This q\iestiou has for the last twenty years engaged the attention 
of most persons interesting themselves in drainage and sanitary 
reform. It has formed the subject of special inquiry by parlia- 
mentary committees and various experiments. ... Up to 1850 

* How dangerouB an aceumulatton of ouch gasea nav Mmetimea boeome is abowii 
bj an aeeii^t which occurred on Fcbniaiy S, 1867, at the corner of Third and Kd;»le 
Street, Philadclpliia, U. 8. The newer exoloded* lifting op pavement and earth, 
dimdiaimng a great quantity of 61th and nua in the atreeta, covering the paaaen* 
gera ana anirounding houaea with the moat olR*ttaire dirt. Loekilj no one waa hm. 
Ftwnk Laalie'a illnatrated newapaper. of Fehruary 16, has a graj^ pictiire of the 
aeetdent 
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the sewers were mainly ventilated through the street gullies situated 
near the foot-pavements, and were most offensive to the passengers 
and the adjacent houst^. . . • This led to the trapping of these 
gullies, and constructing ventilating shafts in the middle of the 
streets. ... In 1849 Mr. Henry Austin, the consulting engineer 
of the Sewer Commissioners, presented an elaborate report, con- 
cluding as follows : — 

* ** That the system of ventilating sewers by means of shafts and 
grates was objectionable, and slioiild Ite discontinued. 

* ** That ventilation by means of furnaces and chimneys at great 
distances would be attendt<l with great difficulties, labour, and 
cost, without promise bf satisfactory results. 

‘ ** That the experience obtained as to the draught of air through 
tubes carried to the tops of the houses . . . warranted the recom- 
mendation of more extensive trials in that direction.'* 

*. . . In 1853 I made a report ujKm certain experiments made 
on the south side of the river, by forming connections between the 
sewers and the chimneys of factories, and upon ventilating sewers 
by means of the rain-water pipes from the houses.* The fornier 
plan was tried in three easels. In two it was heneficial, hut in the 
third • • . a jet of fire burst from the connectiug-pipi^ and caused 
an explosion. . . . The agt*ncy of rain-water pipes has iK*en trietl 
in various places, . • . hut the principal objection is the risk of 
creating a greater nuisance hy the removal of the lesser ; and it 
was shown that the public would not voluntarily sanction this mode. 
.... The destruction of foul air hy the agency of fire has be«*n 
frequently suggested. In March, 1848, Captain Shrapnel proposed 
the erection of lofty cast-iron cylinders over the sewers, with fur- 
naces therein, feeding exclusively upon the sewer gases; the flame 
<»f which he asserted woflld, at the top of the pillars, be as brilliant 
iis that of gas,’ Mr. Bowilgette then describes a number of other 
plans, and makes suggestions, all more or less costly, complicated, 
and for various reasons objectionable; and thus continues; — 

* In 1858 a committee of the House of (^nnmons was appointed, 
to inquire into the state of the river Thames in the vicinity «)f the 
Houses of Parliament. In that committee Lord Palmerston, Lord 
John Russell, Lord John Manners, Sir Ihmjamin Hall, Mr. Robert 
St4^phen8on, and Mr. Tite to<»k active parts, collected evi(h*nce, 
and reported upon the subject of the ventilation of this metropolitan 
sewers by iiieaus of fiiniaces. . . . The following evidence was 
given before that committee ; — 

‘ Mr. William Haywocxl, engineer to the City Commissioners of 
Sewers, stated as follows ; — 

“^2,576. Have you ma^le any experiments yourself upon the 
burning of gases and the ventilation of sewers? — No, I liave not; 
but 1 have examined into all the experiments which have been 
instituted both in this country and in France. • • • ^ 

* “ 2,577. What is the result of your experience ?— My impression 
is that there will be exceeding difficulty In doing it at all ; and if 
done, only at an enormous annual expense. The difficulties to lie 
overcome are gigantic, and there are no dahi of sufficient value 
whereon to make more than an approximate estimate of what the 
cost will he. . • • 

*^2,578. What would cause this great expense? — The great 
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eipeiifle would be tbe traction of air from the eewers, • . • having 
perhaps in the metropolis over 1,000,000 inlets. . . • 

<•<2,581. Then it comes to this, that it would be impossible to 
cany out the < trapping ’ to the necessary extent ; and, if it could he 
carried out, the expense would be so great as not to make it worth 
while to resort to it ? — That is my conclusion. 

‘ « 2,666. How do you propose to ventilate the sewers ? — I am 
utterly at a loee to eugg^ any better means than are used at 
present. I have examined the question with the greatest care ; 
and although I am compelled to state that the present system is 
very far from perfect^ yet every proposition for improving the 
ventilation is met with hosts of diffieulVies^ which really look 
insi^nificaTVt until you inventigaie them^ when they bec^e so 
formidable that you may call them invin^le. I am afraid that 
we must let out the stink in the middle of the streets * 

* 2,667. I thought that you spoke of a lofty chimney and a 
ventilating shaft for the sewers ? — As an experiment, I carried up 
a few rain-water pipes as ventilators, which answered the purpose 
to this extent, that, instead of having the stink in the streets, it 
was brought close to the sleeping apartments of the houses, which 
I do not think will improve the health of the inhabitants.'^ * • . . • 

In the examination of Mr. Bazalgette by the committee, he 
gave evidence regarding the ventilating of sewers by means of 
furnaces and chimneys, to the effect that, for that purpose, 230 
such furnaces would be required for the 1,500 miles of sewers in 
the metropolis, the cost of each of which would be about 2,000^., 
making a total outlay of 460,000{., or half a million of money, 
while the coke or fuel required w^ould cost annually at least 
201,480/., exclusive of labour and incidental expenses. 

Mr. Haywood and Mr. Hawkesley c(»nfirmed these views, and 
the committee thereupon reported the scheme of burning the 
sewer gases impracticable. 

Mr. Bazalgette then advocates, as tbe only plan of abating the 
nuisance, to flush the sewers with such copious supplies of water, 
that the matti*r should be more fully diluted, the sides of sewers 
washed clean, and the speed of the current l»ecome so swift as to 
prevent, as far as possible, the formation of the gases. But in 
regard to carrying this plan into execution, be says, • It is difficult 
to determine what minimum quantity of water will sufficiently 
dilute sewage to prevent tbe escape of the noxious gases therefrom, 
inasmuch as the products of tbe gases vary considerably, and the 
varied conditions of the atmosphere, the rapidity of the currents, 
and other circumstances, more or less affect the process of decom- 
position and the gravity of the gases ; but taking the sewage of 
the north side of the river at 62^ millions of gidlons per diem, 
and assuming this to be diluted with an equal volume of water for 
twelve hours per diem, for six months in the year, the necessary 
addition to the present water supply would be about 42 millions 
of pdlons daily. ^ 

fVom inquiries made at the various waterworks, it appears 
that th^ would charge at the rate of 6dL per 1,000 gallons, 
amoonting to 1,050/^ daily, or tiia enormous sum of 383,250/. 


* Tht italies srt o«r ewB. 
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annually* It appears, however, that the existing waterworks can 
fiimish only about 5 million g^lons additional for this purpose 
per day ; and the scheme, su^ as it is, becomes, therefore, im« 
practicable. 

According to this, the official report of the ablest drainage 
engineers in the country, a*ho certainly have more experience in 
this matter than any other, and who may be considered the leaders 
of the sewer-system school, it is evident that there is really no 
way of avoiding the formation, or the escape, of these pestiferous 
gases, which bring death and dismay wherever they come ; and 
that cities whose misfortune it has been to become provided with 
this mode of removing their sewage, must, according to the con- 
clusion of these engineers, ^ let it stink on,* and abide the con- 
sequences. 

Further evidence on the subject we find in a valuable publication 
on the sewerage of Berlin, • by Dr. Fr. J. Behrend, who quotes a 
letter he received from Dr. Sillman, formerly a mc^mber of the 
Metropolitan Board of Works, containing a pjissage to the following 
effect: London sewers having become a most terrible plague to 
the inhabitants, various remedial means were resorted to, such as 
new sewers, reconstruction of existing one^s, different^ connections 
and outlets, improved flushing and cleaning, ventilation, &c., none 
of which. Dr, Sillman thinks, will ever effect the pur(K>ses sought, 
as certain characteristics of the old sewers must always reap[>ear 
in the new ont*8. 

Dr. Behrend, in his official re}>ort to the Berlin Board of Health, 
quotes also the following extract from the M^mdon Medical Times* 
(March 23, 1861, p« 306): ‘Now the first advice we give is, not 
to take any house close to the line of a large sewer, unless the 
number of favourable (ircumstances are such as completely to 
outbalance this disadvantage: and disadvantage we hold it to be, 
l>ecau8e we believe, as an empirical fact, that mors dedtha and 
illness occur along the line of the great sewers Ilian elsewhere,^ &c. 

Now let us see whether sewers are an improvement as regards 
the poisoning of the soil and wells ; another important point iu 
the bill of indictment^ which finally led to the condemnation of 
cesspools. 

It is very well known, that w^henever the salts and acids con- 
tained in human excrements come in contact with lime, mortar, 
or stone, their combination with oxygen rc^sults in the formation of 
nitrous acid, which, as a white efflorescence, covers the walls, and 
is commonly known as saltpetre. This substance acts most in- 
juriously upon the strength of masonry, causing it to lose gradually 
its density, and making it petrous to such a degree, that finally it 
crumbles to pieces. 

This was the process which caused the sewage liquids of oelwpools 
so soon to find their way through the walls, no matter how well 
constructed they originally were; which evil, it was supposed, 
could be remedied by abolishing these pits altogether, and dis- 
charging the sewage into sewers ; but it was entirely overlooked 
that the latter were oonstructed of maaoniy just as well, and were, 
in fact, nothing else but a new kind of cesspools of very great 

* Dit Ksaalitiniiig dcr Biidt B«l^ 1866 . 
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length, alwsaye half full, and subject also to the most destruoti?e 
agency of ammonia. Thus it came to pass, that these very costly 
structures, the new subterranean drains, soon caused the liquid 
aewage*poison (which, under the old cesspool system, affected the 
soil only in isolated spots) to be diffused through the entire length 
and br^th of the site upon which a city stands, their wide dis- 
tributing arteries leaving no place untouched, and thus saturating 
the whole area with infectious fluid. 

That, under such circumstances, the water supplying the wells 
of a city becomes charged with poisonous sewage ingredients and 
gases, must of course patent to all ; and the more so, when it is 
considered that the strata from which wells draw their supply, 
generally lie considerably deeper than the bottom of cesspools and 
sewers. In all soils there is a neutral plane of more or less height, 
according to the density or porosity of the ground; above this 
plane, water tends upwards through evaporation on the surface ; 
below, it sinks downward by mere gravitation for feeding the 
thousands and thousands of minute and tortuous arteries, which, 
like so man} branches of rivers, constantly supply the larger 
waiter veins. These veins again communicate with numerous, 
often very ^ge, burrows or clefts, forming, of course, so many 
reservoirs filled with water, not seldom under very considerable 
pressure. 

A well, striking any of these veins or reservoirs, is constantly 
supplied with water, and when much worked by pumping, tlie 
stream becoming more rapid, takes along with it great quantities 
of the lighter particles of the soil, thus gradually enlarging these 
natural subterranean conduits. 

The sewage gases contained in the water cannot be evolved, as 
there is no outlet for them. Therefore, whatever water is supplied 
to wells through a stratum lying below the neutral plane, and 
which is polluted by saturation, will, iustead of l>eing purified by 
filtration, as is often supposcnl, absolutely become infected and 
tainted by direct percolation with noxious sewage ingredients, 
nearly in the same form as they found their way through the 
masonry of cesspools or sewers. 

This infection or poisoning of well water is sometimes per- 
ceptible by taste or smell, but as often not, or in so slight a degree 
that, first tolerated, it soon becomes pleasant, or even indispensable, 
by custom. There are actually cases on record, in times of cholera, 
of people insisting upon drinking from certain wells, often far 
distant from their dwellings, on account of the peculiar sweet taste 
and sparkling nature of a particular water. This sparkling and 
sweetness was afterwards discovered, by scientific analysis, to be 
due to nothing else but to tbe bubbles of most dea&y sewage 
gases ;')Emd the sequel showed that those who had partaken of this 
water, were the only victims of the pestilence in the locality where 
they lived. 

Having seen what sewage liquid accomplishes in its passage 
through subterranean conduits, let us now glance at the sanitaiy 
disadvantages it entails on the community when debouching from 
them. 

We know already that, thus fiur, it has only been found practi- 
cable either to pour sewage over lands, or to throw it into rivers or 
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harbours, so as to find its way eventually to the ocean. Though 
the former mode of disposing of a so-cdled nuisance has as yet 
been applied in comparatively but a very few instances, still so 
much noise has been made by its advocates praising its perfect 
nature, both in a sanitary and agricultural point of view, extolling 
it, in &ct,as the final solution of the great sewage problem, that it 
will not be found quite uninteresting to examine the evidences 
upon which the irrigation enthusiasts raise all their shouts of 
triumph. We cannot do better than bring forward their own 
statements in support of their favourite theory, just as we meet 
them in their own speeches and text -books, having no doubt but 
that an unbiassed reader will with us deem these evidences ludicrous 
enough. 

So we find Sir Morton Peto, in a debate upon the liquid sewage 
question before a meeting of the Institute of Civil Engineers,* 
stating that * he is well acquainted with the meadows near Mansfield 
and Edinburgh ; and he must say that, however great the ^igricul- 
tural advantages of the system may be, they would he dearly pur- 
chased if the region near any town were infected like the two 
places mentioned; .... that, if the air in the vicinity of all large 
towns were to be rendered like that of these cities, t^e direst con- 
sequenct^s might be anticif)ated.’ 

Mr. Chadwick, the great advocate of mixing water with stowage 
to any extent, meets Sir Morton Peto’s statement by saying that 
the foul stench of the Edinburgh meadows does not at all procecil 
from them, but from the ditches distrilaitiug the manurc.t 

And yet it is only about 1,(KK) out of the 15,0(K) houses 
of Edinburgh, which hirnish the pestilential licpiid so ably apolo- 
gised for by Mr. Chiidwick, the remaining 12,(K)0 houses still 
allowing their excrenifents to fester in old-fashioned cesspools. 
After this it is not very difficult to imagine the stale of affairs, 
if the entire sewage of Edinburgh were applied to those famous 
meadows 1 

liegarding the meadows of Mansfield, Mr. Chadwick denied Sir 
Morton Peto’s charge altogether, asserting that there the sewage 
fluid was in fact so weak and diluted, that it could not emit sbrnch 
at all. This may be true enough, os the Duke of Portland has 
spent enormous sums of money on those very same meadows, 
without ever getting anything like a correspoinliug return. Hut 
what is the use of ({noting such a dismal fact us an argument for 
the agricultural value of Mr. Chadwick's favourite theory? 

Nor will it do, at this time of day, to adduce the fields near 
Croydon as an illustration of the salubrity, or at least harmlessness, 
of the sewage-irrigation process; for it must be remembered, 
that there the sewage is first made to precipitate its solids, and is 
deodorised afterwards by carbolic acid, so that very little *noxious 
matter is brought on the lands at all to evaporate, provided only 
much acid is used, which, however, fills the air with a most dis- 
agreeable tar scent, arid besides kills the fish in the river ; when 
little acid only is applied, the sewage liquid stills throws off a 
considerable stench. 

* Aeeomit of Dminm and Sevcnge of Bnsiol. hy Janes Green, M. lost. C. E. 

t An eaense leminmng ns of the saikn^s when soensed of haring got 

drank on grag: * It wis not that,* said he, < but the spemte thst 's in it* 
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Latterly the xkne of carbolic add haa been abandoned at Croydon, 
and the aettling tanka in consequence emit a most orerpowering 
effluvium. Much haa been said by the advocates of sewage irrigation 
that, since this change, the water, after passing over the meadows, 
is so pari6ed as to be quite fit for drinking ; in fiict, visitors are 
often induced by the managers to partake of that beverage, as a 
sort of practical clincher to their arguments ! 

How great the illusion, however, in this particular, is proved by 
Professor Voelcker, consulting chemist to the Royal Agricultural 
Society, who, according to the ‘Economist’ of February 23rd, 1867, 
states that he ‘ has repeatedly analysed the clarified water of sewage 
after it has undergone the purifyiru; influence of irrigation, and, 
in the majority of instances, has found such purified water, though 
clear and free from smell, almost as unfit for drinking, cooking, 
and washing purposes, as it was in its original filthy condition.’ 
He further says : — ‘ The clearest, most inodorous, and even agree^ 
aJbly tasting purified sewage, unless diluted with purer water to a 
considerable extent, would be unfit, not only for drinking, but also 
for cooking, washing, and general domestic purposes,’ 

Again, we find in the * Preliminary Report of the Commission 
appointed to Squire into the Sewage of Towns Question (1858)’ on 
page 28, an Article 5 saying, ‘ that this method of sewage appli- 
cation, conducted with moderate care, is not productive of nuisance 
or injury to health.’ This view is confirmed by two subsequent 
reports, but afterwards singularly refuted in the very same volume 
(pp. 50, 51) by the testimony of the physician Dr. Antonio 
Capelli, of Milan, a town again and again triumphantly quoted 
as a striking example of the virtues of the sewage-irrigation 
system. This most important testimony of a gentleman, who 
certainly ought to know all about it, reads ks follows : — 

Testieony of Dr, Capelli or Milan. — ‘ Then the only differ- 
ence between the water used in irrigation within the walls of the 
Lazaretto and that used in irrigation generally is, that in the 
former case the washing refuse is mixed with the irrigating 
water? — That is the only difference. 

‘ So that the ground within the Lazaretto, as now treated, is 
in point of fact a winter meadow (marcita) ? — Just so, 

‘Have you olwervcd any influence on the health of the in- 
habitants from this use of the ground? — A most decided one, 

‘ In what respect has it acted injuriously on the health ? — 
First, in producing every kind of ague ; secondly, in producing 
the other forms of disease due to marsh miasma, such as neuralgia, 
rheumatism, chest inflammations (pleuritis, &c.); thirdly, in some- 
times producing pernicious remittent fever, which often kills in a 
few days. 

‘Are' such diseases frequent among these people? — ^Very fre- 
quent indeed. 

‘ Is the health of infants and children more especially affected ? 
— ^Yes, most espedally, as is shown in the unusual prevalence 
among them of scrofula and rachitis. 

‘Yrlien epidemic diseases prevail in Milan, such as typhus, 
sosrlet fever, measles, miliary fever, small-pox, &c., are the in- 
habitants of the Lazaretto more subject to these diseases thin 
others of their class ? — I have not obearved much difference, but 



Testixokt of Db. Capelli, of Milast. 


59 


the inhabitants of this place form a very inconsiderable portion of 
the population. The injury to the health in their case has 
reference to endemic, rather than to epidemic, disease. 

* That is, to those forms of disease which are recognised as the 
products of marsh miasma ? — Just so. 

‘Have you observed whether the ordinary organic diseases 
produced by marsli miasma, such as enlargement and hardening 
of the liver, enlargement of the spleen, and dropsy, are common 
diseases among the residents in this place? — Certainly they are ; 
it must inevitably be so. 

‘Then it is the result of your observation and experience that 
the diseases you hate named are produced generally, wherever 
irrigation is carried on close to human habitations? — Every* 
where ; it is so inevitably.’ 

To reach the climax, a foot-note in this report says ; — ‘ Dr. Capelli 
regards the cesspool as a safer receptacle for cesspool matter than 
the open ground.’ What must an impiirtinl reader now think of 
any attempts to prove the harmlessness of the sewage-irrigation 
system ? • 

Now it must be known, that at Milan most of the solid excrements 
are collected in well-constructed wat<*r-tight cessptT|pls, which are 
emptied twice a year by market gardeners buying the matter tip, 
and paying for it in proportion to its solidity. There are hut few 
waterclosets in that city, because the farmers refuse to buy excre- 
ments diluted by water, insist ing rather on payment for removing 
such comparatively worthless w-wage. Now as most hoUHeholtlers, 
out of motives of thrift, allow os little fluid as possible to get inb> 
their cesspools, urine is the principal fertilising ingrrHlientcontaineil 
in the river Vettalaa, which conveys the refuse water from the city 
to the lands. A thinnlr dilution of sew^age is hardly to be found, 
and still we have the testimony of Dr. Oapelli of the poisonous 
exhalations arising from the lauds irrigated with it. 

Another rather curious defence of the sewage-irrigation plan we 
find in Professor Thudichum’s paper, ‘ Ueber die (inindlagen der 
offentlichen (k*8undheitspflege in Htiidten,’ read before the Agri- 
cultural Society of Frankfort-on-the*Maine, The learned professor, 
one of the most zealous champions of this system, gets quite into 
a passion with the late Mr. W. Thorwirth, engineer, of Berlin, 
who justly condemns it, and devotes many pagtjs to prove the 
salubrity and harmlessness of lands irrigated with sewage; at last, 
however, pulling iip short in a foot-note with this most sensible 
advice, ‘ always to locate such fields a mile or so away from any 
human habitation, not by any means on account of any unpleasant 
smell arising from them, bnt only because they are not healthy! • 

But we have said enough to show that, even on the testimony of 
its most zealous supporters, the healthiness of the irrigatiofi system 
has always some bitch invalidating the whole of it. To quote all 
that the opponents have to say would fill volumes, and would be 
quite supeifluous here, as every observing mind readily acknow- 

* We hmrt tmj rtvpffct for the p^feeco^s res! laaminil and ability, and, indeed, 
omiaider thia veiy romark at an inatanee of H. But the oddity of that good hooeot 
adriee etrikea na father forcibly, alter reading aU that has gone before, and bringi to 
mind the oefohiatsd verdiet of: *Nct ley tord^froviM tk$ pmantr bt ertfemf 
m kam tk§ ootmtff im mtHaidf f ! * 
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ledges the fact, that the paponrs thrown off by large tracts of land 
covered with inundated vegetation, are exceedingly unhealthy, even 
if the water tie comparatively pure ; and that the rase is of course 
much worse, if the inundating liquid be charged with masses of. 
organic substances in every stage of putrefaction. 

Besides, it surely is evident, that whether or no the health of a 
town or village suffers from sewage-fields in the neighbourhood, 
does not depend on the distance they are respectively located from 
each other, but on the winds or air currents which carry the 
poisonous exhalations to them for consumption by the inhabitants 
A town situated in the course of a prevailing wind which passes 
over both field and town, and is thus regularly supplied with the 
gases arising from the former, or which, perhaps, has swept over 
remote harlxiurs or swamps, will be sickly, as a rule, all the year 
round, and cause the town to suffer in consequence, though its own 
immediate vicinity may have all the qualifications which should 
ensure general health. 

The sense of smell, so often relied upon in testing the purity of 
air, is just as far from being a safe guide as that with regard to 
water. For, even as the microscope lias detected myriads of ani- 
malculm in a drop of water, which to the eye appears perfectly 
clear, so chemical analysis has discovered, by instruments arranged 
for that purpose, poisonous gases in air that seemed peculiarly 
balmy and pleasant to inhale. 

We now proceed to review the sanitary disadvantages resulting 
from the far more generally adopted mode of disposing of sewage, 
namely, by discharging it into rivers or harbours ; and in this con- 
nection the following questions at once present themselves to our 
mind. 

What makes the sea-coast towns and cities, crowded around 
harbours, so very unhealthy ? Why is it that, when cholera ap- 
pf^ars, these suffer so pre-eminently, nay often almost exclusively? • 
Certainly the fresh sea breezes cannot be the cause, nor the country 
in the rear, wliich often remains quite unaffected by the epidemic. 
It is obvious that the origin of the evil must be confined to the 
shore line and harbours themselves. 

Now, it is well known that, in all harbours and coast towns, 
almost without exception, excremental matters are regularly 
discharged into the sea, together with the sewage of scores or 
hundreds of ships lying in port. We have already explained bow 
these sulistances, having less specific gravity than sea water, rise 
to the siuface, and, though discharged at great depth, or carried on 
the bosom of rivers a long distance out, are continually brought 
back by every returning tide to the beach, and along the shore 
line of harbours, estuaries, and every indentation of the coast But 
we have tiot yet called attention to another peculiar effect sea water 
has upon these organic matters ; an effect which cannot be more 
accurately describ^ than as a process of ^ pickling,^ which pro* 
longs the period of fermentation or oxygenation to aa indefinite 
extent 

When river water holds in suspense effete organic substances of 
the animal or vegetable kingdom, a process of combustion m|Hdly 

* The isgisUer-geaeiil hee lepcetedlj siede etetemente to Uui «ftet 
leporte. 
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Evils of Dischasqino Sewagk ihto Bivees ahd Habbooeb. 61 

goes on by the oxygen contained in the water itself; and when all 
the oxygen which for that purpose can be spared * is oonsutnedy 
the remaining organic ingredients pass into a state of putrehietiou* 
.It is just this absence of a pro|X‘r ariiount of oxygen in polluted 
water which kills tisli, literally by suffocation^ as they need tliat 
gas for respinitiou; and which is also the reason why sewage 
water is sucli an admirable preserrejr of tiriiber» destroying even 
the iemlo naviilh^ or soa-w’orm, when striking the woodwork of 
harbour piei-s. It explains also why winter U\ken out of polluted 
streams and purified on board of ships, is consumed in such large 
quantities by fsailors, the paucity of oxygen preventing the slaking 
of thirst. • 

In sea water, on the contrary, the salt delays comhustion, as it 
does always ; hence organic iimtters which, in sweet water, would 
jmss i>ff into the air in the shape of gases in the course of a few 
weeks, are preserved in salt-water harlxmrs and estuaries to an 
interminable |KTiod. The constant addition of Minbiinit’ organic 
substances carried down by the rivcTs, naturally converts tlu'se 
points on the coast into perpetual inanufiictories of Hie most deadly 
gases, charging the atmosphere alsmt them like an enormous gun- 
powder magjizine, ready fur iustiuit explosion on contact with the 
smalIe^t spark. 

That fatal contagious spark is generally lighted in climates where 
the accunmlation of malaiia is proinott^i by a sultry temperature. 
Thus, epidemic diseases, like the cholem, usually originate alcmg 
the sliores of the Meiiiterranean, that immense inland sea, around 
which history tells us numerous nations have existed and decayed 
in endless succession during thousands of years, and which has 
thus received tlie fa‘CJil matters of countless millions, all (»f whom 
allowed them to collecf and fester in harbours and estuaries and 
al<»ng the whole coast, just as is done elsewhere even in our so-callcH^l 
civilised times. And tlius some of the most beautiful spots in 
those regions, some of them the classic cradles of ancient powerful 
races, have become quite desolate and uninhabitable, either by the 
exhaustion of soil in the interior, or by the deadly pollution of the 
coast. 

There are few of the Mediterranean harbours which are not 
more or less marred in this respect. Ho, for instance, the iiay of 
Naples, so justly celebrated fur all that is lovely and picturewpie in 
natural scenery. But behind the road from Chiaja towards the 
Grotto of Cicero, a spot which otherwise might he emphatically 
called an earthly Paradise;, lies in the direction of Posilipo a veri- 
table infernal pit, the outlet of the cloaca of Naples into the sea. 
The effluvium arising fnun it, lu)rrihle beyond description, brings 
sure death to all within its vicinity; in consequence of which many 
noble castles and villas scattered along the coast have lohg since 
lK;en abandoned ; amongst others, the beautiful but gloomy palace 
of Queen Giovanna I., which, once the fiivourite abode of wealth 
and luxujy, now lies in utter desolation^ mouldering in ruins and 
dust 

Who does not know the almost deathlike fatality banging over 
the port of Marseilles? Founded some 400 years B.C., it was 


WtUf caa hold two sad S'lislf tioies its bulk of oxyguL 
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alreadjTf in the times of Gffisar, celebrated for its trade and shipping. 
The harbour is quite a marrel of nature and art, but at the same 
time wofoUy notorious for its immense accumulation of filth, which 
is still daily increased by the recently constructed sewage works*^ 

A most striking example of the baneful effect of discharging 
excrements into the sea we encounter also in the sanitary condition 
of the Bay of Cadiz, another ancient shipping port, renowned in 
the days of the greatness of Carthage. This harbour, one of the 
most sickly ones known, has also been a receptacle of fiecal matters 
during a long succession of generations, and the gigantic swell of 
the broad Atlantic has failed to wash away the pollution. 

To prove that, when assisted by a hot climate, the most salubrious 
situations may, in a comparatively short time, become most un- 
healthy, we have but to point to Rio de Janeiro, which, some fifty 
or sixty years ago, was yet used by many physicians of the United 
States as a sanitary station for patients to be sent to, like Madeira 
in the present day. But, unfortunately, it was until very recently 
the universal custom there to pour, night after night, excremental 
matters frotn 4he quay into the harlxuir, until the yellow fever 
l)ecame such a terrific scourge that the port was very reluctantly 
visited by merchants and mariners, notwithstanding its excellent 
central position for the commerce of Europe and Africa to America, 
Asia, and Australia. It is only since the Rio City Improvement 
Company t have carried out their scheme of deodorising the houses 
that sanitary affairs have assumed a more cheerful aspect ; but it 
will be next to impossible to deodorise also the harbour itself, and 
make it again what it used to he in former times. 

A similar sad expi*rience bos been made at Havana, where, in 
spite of a constant purifying sea-breeze, yellow fever also reigns 
supreme almost all the year round, pribcipally owing to the 
incessant pollution of the magnificent harbour by the sewage of 
the city. 

Still another instance, of quite a recent date, we find in the well- 
authenticated fact that, during the prevalence of cholera at Brest, 
especially in its extensive prisons, the pestilence exclusively 
visited those wards which were supplied with waterclosets in com- 
munication with the polluted harbour, the deadly gases of which, 
together with the sewer-exhalations, were blown directly into these 
wards. 

Is it not strange indeed that, with ^uch examples before us, 
which might be multiplied to any extent by history and scientific 
investigation, and which are fiilly confirmed by our own dally 
experience, and proved by many able works, placed within the 

* Thii Utter drcumstance it, no doubt, tbtt vrhich makrt tbe French ttiloie ting, 
with leference to MnieeilUt : — 

* Et rm dirait fmt Tern y rttpire 
L*air df /«« matfons : * 

^ There it % ttor^ nrnent tmemg nuunnerK, thtt the Merteillet pHott bring, nneirinriv. 
thipe into poit hy sonndingt, even in the thiekeet of fogs ind dnriteet of nighuk 
When tbe leedtmnn tings out * Mnde,’ the pilot cries out * Let go the enchor,* well- 
knowing he if all iMt. Are there no other heihonrt in whidi piloU nd^t SbUow 
thii mmod with edmntiige and eeitainfyr And it it then to be wxmdeM at that 
HttMOleeiiiO oltw Tinted by aefeie mvagee of ehdleraf In IheC, it ■eiaaafj ever 
eaeoMi when in epidemic breaks out 

f we fee, horn a leeent report, that thie company deodorisee already some 11,000 
honiee at na nannal diaige of 6/. fit. each, amonnting to nearly 70,0001. a year. 
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reach not only of profeesional men, but of every one viho cares tu 
read and think — is it not passing strange, we ask, that the fatal, 
ruinous, and deadly error of pouring excremental matters into 
rivers and harbours should still find zealous advocates amongst 
men occupying high positions in social life, in the learned pro- 
fessions, or even in the council-halls of municipal and national 
legislatures — men to whom their fellow-citizens naturally look up 
for all measures concerning their interest and welfare ? • 

Look for instance at Hamburgh, the greatest commercial em* 
porium of Germany, where the eminent engineering talent of 
Air. Lindley, assisted by most fogg}^ municipal wisdom, has suc'- 
eeeded in poisoning tWe Elbe just the same as London has poisoned 
the Thames, a feat perpetrated even in the face of a most spirited 
opposition, carried on for a long time by the hydraulic engineer, 
Mr. Hiiblie and other professional men, who did their utmost 
to avert the calamity. Dublin too is, at the present moment 
(April, 1867), in the most imminent danger of being persuaded into 
the foolish outlay of some 4(K),(KK)/., wiiieh some ‘ water-carritige 
zealot’ proposes to devote to works by which the entire city 
sewage will be discharged into the sea, and thus entail a loss (»f 
125,(K)()/. worth of manure annually, the city having^a population 
of fully 25(),tK)0, Let us hope that the corporation will be 
kept from this crime against ptdilic health and the best interests 
of tlie town, as well as against agriculture and national economy 
generally. 

Munich, that city of architectural Inwity and njusenms of arts 
and sciences, affords another warning example, lx»ing rendered a 
most unhealthy alusle hy many waterclos<*ts discharging into the 
recently built sewers, although in violation of the local police 
regulations and the Intention of the engineer, Mr. Zenetti, 
whereby the river Isar is rendered a fearfully prolific source i>f 
typhus and other endemic ilisejises, Vienna is in a similar pre- 
dicament, by the pollution of the Danube with sewage to an 
alarming extent. To d(*scrilK3 all this in detail would be super- 
fluous, as it would only be a repetition of what Ijtis been said 
of other places. Berlin has thus far escape^} the infliction of the 
water-«irriagc system mainly through the ability and activity 
of Alessrs. Stilviati, Ktkler, Kichborn, and Thorwirth, though many 
efforts have been made (and are still being pressed) by Mr, Wiebe 
and others to carry out tljat most p<miicious scheme. 

At the city of Frankfort-on-tlie-Muine, which was sadly in need 
of an efiicieut drainage system, the authorities consulted long and 
anxiously as to what plan to adopt. Finally, the investigations, 
and indirectly also the decision, was left to the Board of Works 
(Bau-Amt). which is composed of but three members. To obtain 
correct intormation, the authorities of Hamburgh were applied to, 
and the question being directed to a personage who had been 

* A« a recant moat remarkable instance, we may state that, at a public dtseuMton 
on the sewage question, held at Frankfort -oo-the-Haine, JUmIi 28th, 1867, O. 
yarrenirapf, medical ttferee to the local board of works^ and a moet sealoos 
advocate of eewemgs hy water-cairiage, waterckweti, irriganan with sewage liquid, 
withal-~emphatical]^ declared that all that bad been eiud against this sewemge 
OTstem 100 # itatAiwg hit adoimnylU Ik, this being erideatly his only means of defence ! 
Sapknti mt ! 
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mainly instrumental in canying sewerage by waterHsarriage through 
that city, of course the answer was moulded by his desire to up- 
hold the system for which he was responsible* This statement 
was supported by Dr. G. Varrentrapp, medical referee to the Board 
of Wory of Frankfort, who seemed not to know that water is no 
disipfectant, and totally ignored the existence of sewer gases ; and 
thus it came to pass that this Board of Works determined to carry 
out the same system as adopted at Hamburgh, and was not even 
satisfied until it obtained for that purpose the same engineer, 
Mr. William Lindley, mentioned before. The plan include<l the 
compulsory introduction of waterclosets in all dwellings deemed 
necessary for the efficiency of the ‘system;’ the sewers were, 
l>esides faecal matters, to carry off rainfall and household fluids; 
and this mixed and most offensive and worthless mass was to be dis- 
charged into the small river Maine, just below the town. 

This extraordinary proposal, which, it was estimated, would cost 
some undefined sum, of from 4 to 10 millions of florins, excited, 
naturally enough, a general and deep murmur of indignation, both 
by the more fntelligent citizens and by the poorer classes in par- 
ticular, who objected to the expensive nuisance of waterclosets; 
while all, w^h one voice, expressed their resolution to keep the 
Maine undefiled. There being no River Pollution Act in existence, 
this insane scheme would perhaps have been carried out, not- 
withstanding the general public disgust, if the late Nassau govern- 
ment had not most energetically protested against the impending 
horrible pollution of a river within their jurisdiction. This seems 
to have awakened the ill-advised Frankfort Board of Works, and 
caused new consultations, which resulted in a decision, siipportc^l 
by the engineer himself, not to intnKluce waterclosets, a decision 
strange enough sundy, after tliese had b^n made the conditions, 
nne qn& non, for rendering the water-carriage system at all prac- 
ticable. The plan was then so far inodiHecl, that large open 
l)asin8 were proposed to bold the scvrage during freshets, which 
basins were to stand in connection with some meadow irrigation 
scheme or other. That this silly arrangement has been unmerci- 
fully ridiculed, both by the public press and various lampoons, is 
natural enough. It seems, however, that thus far no definite 
resolution bus be^n come to, as to what is to be done with the sewage, 
or how to collect it ; but the good sense of the Board of Works, and 
the really painstaking intentions of the senate to do what is 
best for the city, will no doubt eventually result in the con- 
struction of mere drains for house and rain water only, leaving 
the sewage to be dealt with by some superior method; nor would 
they have ever erred in this manner, but for the extraordinary 
pressure of bad advice and the self-seeking zeal of certain unscru- 
pulous cliques. 

To what extent such unlawful pressure may go in cases like 
this, iB shown in the official report of Dr. Frederick J* Behrend, of 
the local Medical Board of Berlin,* who openly states that the 
chief burgomaster Seydel, actuated by an inexplicable bias for 
sewerage % water-carriage, as propos^ by the engineer Wiebe, 
actually was guilty of taking advantage of the absence of various 


* PttUiahod hy Julius Sprioser, Bsrlin, 1866. Sue the ptufiMs. 
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opporiog inemben, and of the medical referee appointed to report on 
the subject, and that thus the scheme was adopted by a sm^l ma- 
jority. It availed him nothing, however, for the angry protest by all 
right-minded professional men, the public press, and the citisens 
of Berlin generally, caused a re-examination, and finally, it seems, 
the utter condemnation of Mr. Wiebe^s project. A similar instance 
is stated in the official report of Dr. 8iel>er, chief sanitaiy officer 
of Berlin,* concerning the flagrant conduct of the municipal 
authorities of Munich, who utta ly denied to the agricultural com- 
mission of Berlin the notoriously evil effects of the sewers they 
bad recently built. When amis^ of this Imseness, ti)ey excused 
themselves by saying that it was not patriotic to expos^e the faults 
of their city. Tlie tnith is, they were ashamed of the result of their 
own foolish contrivances. 

In expressing ourselves thus strongly condemnatory of the 
exertions made to execute, in large and populous towns, works 
which have proved by dearly-bought exj)erienre to be not only 
a failure in every respect, but which are now known to have been, 
and are yet, the cuuke of incalculalile luischtef, we d^ not wish in 
'the slightest manner to reflect ufsin the able and distinguished 
engineers who advocatinl them at an earlier period, igsd are now 
still engaged in carrying out the main and other drainage works of 
the metropolis. We are well aware that the sewer systcun thens 
was Wgun when tlie special science of sewerage was still in its 
infancy, and that, as stated before, it is rather one of development 
than of design, each successive wrong move necessitating another 
one, until it finally l>ecame the gigantic failure it is. We know 
that since these works were entrusted to them, tluy have con- 
stantly availed themselves of all the improvements which time 
has developed. How fully alive they are to the faults and insur- 
mountable difficulties inherent in the water-carriage system can be 
seen in their report, quoted in extenso, pages 52 to 55 ; where 
it is honestly confessed that the purpose for which such works are 
designed ^viz. to remove the offtmsive fwirts of fax^al matter 
from among human habitations) has proved by this system to be 
unattainable, and that it therefore is worthless, so far as sanitary 
requirements are concerned. We doubt not if these engineers had to 
prepare a new plan, they would, instead of precipitating the night- 
soil in the raiufkU and house-water conduits, endeavour to carry it 
off by some such means as will be descriUtd in the latter part of 
this voIume.t 

If cities on inland streams are affected by their pollution, as 
aliove described, it may be easily imagined how much more those 
towns located on tidal rivers suffer, where, as explained before, 
all the sewage received from the upper lands, together with that 

* Bfe Dr. Behrend*! report, p. 66. 

t That tbU wiU ba t^rentimUy the numocr in which the meirnpolm «nd othi*r 
eimiliirij drained citiee will frm fif the sewage nuifiance, there can be hardly any 
doubt, for the aiinple reai»on that tb«*re iit no other way to do it. And ihi» will 
happen wbenerer the nmnidpal authoritire hare l^ecome aware of the fact ^wbich ia 
now aaceitained), that by aimply not dilnitng the eewage, it can eaetly ana without 
offence be remorc^ and at the same time Ijccome a eonroe rcrendh to uie city inate/ul 
of an aspcniw. To bring thia about, it ia to be hoped that all engineew will be aa 
candidna Mr. Baal^te and hia aaaocialea, inatead of (out of falaa | ride or old pre- 
jndicea) njeeting all tmpioTeinenta aoggeated by otbera, ai.u thua pieventing matiici- 
pal anthoritiea frem addling them. 

F 
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fumidied by the city itself, is held in suspense by the play of the 
tides swaying to and fro for weeks in sucoesidon, as for instance in 
the case of London, where the sewage matter takes sometimes as 
long as fifty days to fioat from the city to the sea, a distance of 
some forty-six miles. 

Many advocates of the sewage system hy water-carriage rely 
upon what they consider a dissipation of noxious ingredients and 
elements over such a large space, that they can no longer do any 
harm. We, on the other hand, maintain that, instead of an effec- 
tual dissipation, nothing is obtained but a distribution or diffu- 
sion, which, in the long run, must have similar results, though in 
a less degree, as concentration on a single spot, the only difference 
being that, in the one case, the measure of evil is filled gradually 
grain by grain, whilst, in the other, handfuls are thrown in. Just 
as water continually evaporates, so the atmosphere absorbs all 
noxious gases evolved by sewage matter along its whole course in 
rivers until it stops at the sea coast ; and as the saturation of the 
air by evaporated water infallibly produces rain, so must an ac- 
cumulation ^f poisonous gases, however gradual, ultimately result 
in pestilence. 

Now it appears there are two modes by which a polluted atmo- 
sphere aff($cts animal life, viz. by direct respiration entering the 
lungs and the blood; and, secondly, by imparting germs of 
microscopic fungi and infusoria, which are invariably developed 
by putrefaction of organic matter. 

To understand the first mode of infection, we must remember 
that all organic poisons are composed of the very same elements 
constituting the air we breathe, and the food we eat, only in dif- 
ferent combinations. The elements are, as is well known, oxygen, 
hydrogen, nitrogen, and carbon ; and llie following table shows 
how one set of combinations serves to sustain our life, whilst the 
other destroys it in the shape of the most virulent poisons: — 
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Although of these dangeroua combinationa only is 


* Ob« of Ui« mcwi Tinilent poiMm osifltins ; two or thrto diwdinit prodwto « i peody 
dioth. 
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preMfnt or developed in human excrements, these contain always 
aome sulphuric (S(P)and phosphoric (PO*) acids, both of which 
are not less poisonous. Anyhow it is evident that nothing but a 
difierent combination is required to make the very same elements 
sustaining life absolutely deadly; and if in a polluted atmosphere 
we inhale one or more of them in undue quantities, we may just 
as well bold a loaded pistol to our head and play with the trigger. 
Another means of infection by the effluvia arising from human 
ftpces lies, no doubt, in certain microscopic fungi and infusoria, 
which are developed wherever decomposition of organic substances 
is effected by air, beat, and moisture* 

The fungi, commoifly calltHl mould, are nothing but exceedingly 
minute plants, growing up with great rapidity wherever humidity 
combines with filth of any kind, and have even been found on the 
skin of unclean people, causing horrible cutaneous eruptions. Tli(» 
infusoria are atomic auimalculsD, abounding, like the fungi, 
wherever putrefaction goes on. They are generally invisible to the 
naked eye, except the larger kind, called ‘ vibrio treinulans,’ which 
may sometimes be w‘en frisking al)out in niyriiuls, \rtjen a solitary 
sun-ray penetrates into some dark, moist place: they are then 
usually mistaken for dust • 

These animal and vegetable atones, which only recently have be- 
come known to the scientific world, are most dangerous parasites, 
the eggs or germs floating about in the atmosj)here until they 
adhere to some moist place, where they <levelop themselves mid 
multiply with astonishing rapidity. They have frequently been 
found on the slimy tongues of sick peophs and betwet'ii neglected 
teeth. That they are also inhalcHl in millitms upon millions by 
almost every breath w^e take, can hardly be doubted. 

Now, carefully-made Ixperiments have satisfactorily shown that, 
when some species of infusoria and fungi have entereil into the 
human body, they immediately begin to diffuse themselves amongst 
all the softer parts ; and it is presumed that, by their penetrating 
the stomach and intestines, that irritation is caused which, after 
incessant violent evacuation, speedily prmluces death. 

It is a point much disputed amongst the learmsl, whether cholera 
and yellow fever generate these peruicious germs in the body of 
the patients; or whether, on the contrary, they are the primary 
cause of these diseases : a problem similar to tliat of the ancient 
Greek philosophers, whether, in the beginning of things, a hen 
produced an egg, or an egg a hen. But, on one point, nearly all 
agree, viz. that the epidemics named and microscopic fungi and 
infusoria are always found in company. 

Another point generally agreed upon is, that these infectious 
microscopic germs of fungi and infusoria are never met with in a 
dry, healthy atmosphere in its normal condition, but only appear 
when the air becomes polluted by the gases evolved from organic 
substanoes pawing into a state of putrefaction. 

There impear to exist two distinct kinds of microscopic germs, 
wherever nacal matters are exposed to the putrefying action of a 
hi|^ temperature : the one kind, when this process takes place in 
combination with decomposing animal substanoes ; the other, when 
these ad^tional matters belong to the vegetable kin^om. 

The* first kind of epidemic germs makes usually its appearance 
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when, in times of war, near a camp infected by fsecal deposits, 
corpses are imperfectly buried, or when, in crowd^ military hospi- 
Uk, ghastly wounds throw off infecting effluvia: the fatal result 
is usually cholera* The second kind of infectious germs is 
usually met with in hot climates, near swamps, when, after 
freshets, fiecal matters are miied with putrid vegetable substances: 
the awful result in this case is yellow fever or black vomit* The 
most eminent physicians of the southern parts of the United 
States now acknowledge that yellow fever is much promoted, if 
not actually generated, by the decomposition of large masses of 
human fceces left exposed to the open air, though they very much 
disagree respecting the manner in which this terrible distemper is 
propagated. According to Captain Liernur, who was for a num* 
ber of yeais a resident in the Southern States, and from whose 
notes, as stated in the preface, we are working, — according to his 
decide<) opinion, the infection by yellow fever is simply caused by 
the germs of infusoria or fungi, develof>ed by a combination of 
faecal matters with vegetable substances, putrefying together under 
the influence*of a torrid clime. 

The effluvia of decaying vegetation in the endless American 
swamps and marshes, without the admixture of feecal gases, pro- 
duce only various fevers and the so-called ‘ chills,’ which, however, 
are not contagious. The season when such occur is always that 
when the fungi bloom and shed their seed, which are then taken 
up in the atmosphere like the pollen of flowers, and enter our 
lungs by respiration. This has been verified by recent experi- 
ments, and may be witnessed, by anyone caring to run the risk, in 
the following manner : Place in a closed room a bowl of sweetened 
water and leave it undisturbed. After a few days mould or fungous 
plants will grow upon the surface, and ib the course of time, as 
the liquid thickens, become very luxuriant. This microscopic 
forest will remain harmless until a certain s^ou of the year, 
when the plants shed their seeci ; but whoever during thjit time 
remains long or often in the room, will become subject to chills 
and ague, very difflcult to cure, as many experimentalists have 
found to their cost. Whenever animal substances putrefy in the 
sultry atmosphere of a southern clime, in addition to this growth 
of fungi, the infectious germ is at once developed, and yellow 
fever l^omes inevitable. 

Captain Liernur’s opinion on the origin of yellow fever receives 
much countenance from the fa*ct, that this fearful disease breaks 
out only in cities, or such other localities of tropical climes, where 
masses of human excrements are accumulated. The captain fur- 
iiibhes us with the following revolting description of privy accom- 
modations in many parts of the Southern United States, details 
which Ve would hardly venture to put into print, if we did not 
believe that the best means of putting down such disgusting ar- 
rangements was just to hold them up to public soom. 

Just imagine an open box sunk into the ground, writh a small 
shanty or shed built over it, containing three or four seats in a 
line for simultaneous use, without any lids to the openings, fo as 
to allow an uninterrupt^ escape of ^e deadly gases contmoally 
evolved by the filthy mass breath, festering under an abncst 
tropical sun, the box being never emptied un& it overflows. So 
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exceedingly naiueatiiig are these places, that most men prefer to 
walk out of the town to obey the call of nature in the open fields! 
This foul practice being almost universally followed, and repeated 
day after day, week after week, month after month, added to the 
volumes of poisonous gases incessantly thrown off by the ferment* 
ing privy pits with w^hich the towns are studded, it is clear that 
the air is in a constant state of pollution, and forms, during the 
dry and hot summer season, a must prolific breeding element for 
the germs of yellow fever, 

A similar phenomenon is noticed with regard to cholera, w^ioh 
also does not appear to he cimtagious, unless the atmosphere is 
largely impregnated with faecal gases, in which alone the cholera 
germs seem to generate and propagate. The latter have been 
known to exist even in a Utissian winter, whilst yellow fever 
germs, on the contrary, are invariably killed by the first fnwt. 

Both yellow fever and cholera germs, whether of the vegetable 
or animal, fungus or infusoria class, abound of course in the 
evacuations of the stomach and l>owels of tlie patients, a single 
drop oi which, however dilute<l, contains millions of tUtw |)oisonous 
atoms, which are ever taken up into the air by the evaporation of 
the infectious fluid, and afterwards return in the rain.# 

The scientific investigations of the celebratetl Proff^»or 

of Munich, have thrown additional light upon this sub- 
ject, and disclosed im])ortant facts, which may be summed up as 
follows; — 

1. ('holera is neither altogether a contagirm, nor entirely a 
miasma, but a must dangerous bastard, combining all the viruUmoe 
of both. 

2. The origin of cholera lies in a specific ferment or germ, 
cont4iined in the excrements of cholera-stricken persons, or even 
of otherwise healthy people, coming from an infected locality. 

3. (’Iiolera, if once introduced in the shape i>f this germ, deve- 
lops itself into an epidtmiic only in such localities where the water, 
circulating in a loose porous soil, is impregnated with faecal mutter, 
through perc(»lation out of cesspools, sewers, and gutters. 

4. Such fK>l luted subseil-water lajcomes the more dangerous, 
when, by atmospheric influence, it alternately rises and falls, heav- 
ing, in the latter case, the upper strata impregnated with putrid 
organic matter, to dry up, and thereby exhale vo)um(;s of most 
poisonous gases, which (*nter the human systtun through our lungs. 

5. Cholera is, therefore, propagated not only by the atmosphere, 
when charged with fax;al gas<5s, but also by wells, when contami- 
nated by excrernental fiercolation, the latter l^eing by far the more 
dangerous mode, as the choUrra ferment or poison is much more 
concentrated and powerful in the water we drink than in (he air 
we inhale. 

6. Excrements, even of cholera-stricken persons, never spread 
their infectious ferment whilst they are fresh, but only after the 
second day, when alkaline fermentation sets in, which tberefiire 
must be prevented by admixture of proper disinfectants in siifB- 
dent quantity. 

These views of Professor Pettenkofer exactly correspond with 
what we have said in other pkits of our treatise, with this difference, 
that, instead of disinfecting excrements, we propose to remove 
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Profemor Pettenkofer’s theory has been much oonteeted, on the 
groimd that, in Jannair, 1854, cholera broke oat at Moscow with 
tto'thennometer at ICr Fahrenheit,* when, of course, there could 
be no exhalation of noxious rapours from the soiL Other instances 
of cholera outbreaks in Russia, with 15^ to 35^ below zero, are men- 
tioned by Griesinger in his <Infection8-Krankheiten.t These &ct8, 
however, may be explained as follows : — In Russia, not only the 
rooms, but the entire houses are artificially heated during winter, 
which of course keeps the soil underneath the dwelling in a gentle 
but permanent stew, highly favourable to the generation of most 
deadly gases out of the fsecal matters with which the ground is 
saturated, owing to the very primitive state of privy accommoda- 
tion in Russian houses of the lower class. Consequently, whilst 
the soil in the open air is deeply frozen, the fatal evaporation goes 
on, only so much more effectually, in the very heart of the dwell- 
ings, with the usual result of disease and death. Besides, there is 
the poisoning of the wells near the bouses, by percolation of faecal 
liquids, which likewise goes on uninterruptedly underneath the 
frozen surface of the ground. We, therefore, cannot see any cause 
for changing our decided opinion, that one of the principal causes 
of cholera outbreaks lies in the pollution of the soil with fascal 
substances. 

Dr. Klob, of Vienna, has recently, by means o^ a microscope 
of 800 to 1,000 power, discovered in the evacuations of cholera 
patients millions and millions of microscojjic fungi very similar in 
form to common mushrooms. That these fungi form the basis 
and medium of propagation of that terrible disease, there can 
hardly be any more doubt, as all kinds of fungi most rapidly 
propagate under favourable circun^stances. 

I)r. William Hamm, in his highly interesting paper on * Die Des- 
in feet ion der Stadte,'} says : * Professors Pettenkofer, BuM, and 
Ranke have succeeded in proving the connection beti^n the 
appearance of cholera and the miasma produced by an accumula- 
tion of putrid organic matter. The native country of this terrible 
epidemic, which since 1830 has repeatedly visited and decimated 
Europe, was hitherto reputed to be the Indies, where nume- 
rous marshy tracts no doubt favour the generation of many a 
malignant disease. Public opinion, however, has lately changed 
in this respect. I^ast year (1865) the cholera undoubt^ly broke 
out first in Arabia, amongst the Mecca pilgrims, who introduced 
it into, Egypt, where it caused incredible devastation. Thence 
the awful epidemic spread to Europe, being much promoted by 
very hot dry weather, without rain or wind, which dried up wells 
and rivers, and thus filled the atmosphere with immense volumes 
of most noxious putrid gases. Now, most careful investigarions 
have proved that, in this instance, cholera spontaneously broke 
out in Mecca, in the midst of hundr^ of thousands of Mahomme- 

* 8t Madicaniiclw Zmtiehtift, Tolimie zi. 1886. 

t Viicliow'i Htadtiich dcr Bithologie snd Thenpi^* 

t UasttM Zeitt Rroekbrai. laipiie. Jsavuy, 1866 . 
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dbn i^griini huddled together in incredible filth and misery, erhry 
one of whoni,beeidee,i8 bound by hie creed to aaerifice a sheep, the 
caioMB of which must putrefy unoorered near the Holy Mountain. 
Tbie, of course, causes such a pollution of the atmosphere, that 
the generation of epidemi^ pwtilenoe, and cholera, is not only 
prohuble, but plainly obrious. At le^ such is the view now 
taken by the dvilised world, and the great European Powers hsm , 
accordingly appointed conferences at Constantinople to delibenm 
upon the means of preventing in future such a poisoning of 
nations. The same causes produce the same effects. The noxious 
gases arising at Mecca Jfrom the deoomnosition of organic bodies, 
are generated wherever this prttcess takes place, and everywhere 
exercise the same pernicious influence on healthy living organismFu 
There can, therefore, not be the slightest doubt but that cesspools, 
receiving the fsecal matters of populous cities, and allowing them 
to pass into a state of fermentation, if they do not actually origi- 
nate, at least propagate epidemic diseases ; above all, cholera and 
typhus.* 

These views are fully borne out by a highly intemsting table 
we find in Dr. John Macphersoii*s valuable work, * Cholera in its 
Home* (London, John Churchill & Sons, 1866). This table we 
here reproduce as follows : — 
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This table, representing as it does careful observations during a 
period of twenty-six years, places a most important fact beyond 
all dispute, namely, ahutulance of min clucks the propagation of 
cholera^ whilst scarciiy of rain r/reatly promotes iL Tlie reason 
of this is obvious. A copious rainfall causes the subsoil water to 
rise towards the surface, and fill up the pores of the earth, thereby 
preventing the atmosphere from penetrating those very por^ and 
a consequent contagious evaporation of the putrid organic sub- 
stances arises, especially faecal matters, which unfoituna^ly pollute 
more or less the soil of every city. Scarcity of rain has, of course, 
just the oontraiy effect, by causing the subsoil water to sink 
deeper and deeper into the ground, thus exposing the upper strata 
to the pernicious exbidatton just alluded to. 

A high temperature naturally promotes this contagious exhala- 
tion of the soil, whilst a low temperature rather im{^es it. The 
most dangerous period for the propagation of cholera is, therefore, 
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wfaen a high temperature coincides with a scarcity of rain, as in 
Calcuttai from March to May. 

Another important fact entering into our consideration is the 
geological formation of the soil, which, according to its nature, 
either impedes or promotes the absorption, accumulation, and 
wbsequent contagious exhalation of &cal matters, and other 
dmmposing organic substances. To the latter class bdiong all 
porous smis, such as sand, loam, &c», whilst^ on the other 
hand, a solid, roel^ •ground is the best safeguard against tlie pro- 
pagation dicdem im other e|^ 

!l!he last root of the evil il, tiiarefmre, neither the alternate rise 
•nd i^ of the subtml water, nor the influ^ice of a lugh tempera- 
ture, nor even the geologi^ formation of a city-soil, but the 
soturotjon of the la^ with fwcal mattera^ and other putrid 
crganie aubatanoea^ which alone can cause exhalations capcd)le of 
developing germs of contagious diseases. 

Now it is just their invisibility, omnipresence, and altogether 
irrepressible nature which renders these infectious germs of 
parasitical infusoria and fungi so highly dangerous in a polluted 
atmosphere, when a few sultry days may cause the outbreak of a 
most virulept epidemic. But though in our favoured climate we 
are only at intervals suffering the extreme penalty of our 
sanitary follies, especially as regards sewerage by water-carriage, 
the intervening periods are far from being without their misery. 
Impure air and tainted water* must always entail all kinds of 
diseases, and tend to increa-se the average mortality of a city, 
which may be said to live in an unremitting rain of sickliness, 
interrupted now and then by a violdut epidemical thunder-shower. 

It would be needless to expatiate any longer upon the awful 
consequences of distributing both the aerlhl and liquid poisons of 
fecal matters all over a country by means of a most pernicious 
sewerage system ; but let the mourning of mothers bewailing the 
loss of babes who have hardly seen the light of life ; let the deep 
and silent grief of fathers lamenting hopeful sons and daughters, 
who are either slowly consumed by endemic fevers or ruthlessly 
tom away by the rapid workings of typhus and cholera ; let the 
pallid cheeks of invalids painfully struggling to prolong a doomed 
existence, — let all these sad evidences of suffering humanity loudly 
proclaim the terrific fact to all dwellers in badly sewered cities, that 
death is constantly hovering in the air they breathe, lurking in 
the water they drink, and compassing them about in every variety 
of form 1 

In concluding this part of our treatise, we cannot do better 
than refer to an excellent leader of the ‘Daily News,’ on the 
progress of cholera in London in 1866, in which we find the 
followitig judicious remarks: — 

^ What we have said is quite enough to indicate the unabated 
activity of the zymotic poison, and it would therefore be better to 

* In tho yssr 1849, nenrlj nU the water used in London for drinking and culinary 
piiir|Kiaea wa» notoriontly contaminated by oeespoole and water-cloeeU, in many 
inetanoee even by direct percolation of the eraeuations of cholera patients. For- 
tnnnteliy, the quality of London water has sinee improred. Hence the mortality by 
chdim in the years 1849, 1 SSt, and I8SS, has decreased as foUowa: 6Z*4S~1S 
of eveiy 1,000 inhabitants. 
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exaggerate the danger than to indulge in a sense of security 
which may be illusory. Perhaps we are only experiencing a fore- 
taste of a much greater outbreak next year. There are not 
wanting signs that this is pro^ble, and no relaxation of pre- 
cautionary and curatiYe measmes ought to be tolerated among 
us, as long as the danger impends. It has been said that the laws 
of qriDotics are now understood, and no doubt we do know with 
some certainty, that cholera is propagated most readily thioug|ione 
agency. That agency— the water supply of the metrc|Kdk~will 
hardly be dianged for the bettm^ next year, or, we mar, lot a 
much longer period; and herdn, as we conenYe, Ues the chief 
source of dangw in eonneetion witiii the germs of dudaia poison 
now so widely scattered.* 

Depend upon it, all use of disinfectants however abundant, 
all house to bouse visitations and inspection of privies and water- 
closets by sanitary committees and local authorities, will only 
prove poor palliatives, as long as the axe is not laid to the root 
of the evil, by the introduction of a sewerage system in strict con- 
formity with the laws of nature and the teachings of modem science. 

As regards contagion from abroad, we surely cannot draw a 
sanitary cordon round the country, l^cause the ir^uliation time 
of cholera being some ten days, a trip from Paris to London 
would thereby be prolonged to eleven days, which is quite out of 
the question with our present international iuteroourse ; but we 
can and must destroy the hotbi^ds of pestih^nce at home in the way 
so clearly pointec^ out hy reason and experience, and until we 
fairly make up our minds to do that, the d(*ath-roII from cholera 
alone will still more than exceed that l^rom all other cuiuses ! 

4. Agricultural DiCAdvantaoes. — Even as every steam-engineer 
well knows that the black smoke emittt^d from the chimney of ill- 
constructed boiler-furnaces, while being a positive nuisance, repre- 
sents so much fuel not utilised through imperfect combustion, so 
every agricultural chemist is aware, that any gases evolved from excre- 
ments, when dissipated in the atmosphere, arc just so many fertJiis- 
ing elements wasted through incorrect collection or manipulation. 

We have fully and clearly seen how highly detrimental to 
public health any escape of fa»cal gast^s must always prove; we 
have further noticed how sewage liquid, except uudi^r a certain 
combination of local circumstances but rarely met with, is not 
capable of imparting vigour and fertility to the soil, denuded as 
that liquid is of a great part of its strength through the 
evaporation of its gases; and, 6nally, it has been conclusively 
shown, how futile any attempts have hitherto proved, and will 
always prove, to extract from sewage liquid any manuring in- 
gredients worth having, hy means of chemical precipi&tion or 
mechanical straining. 

It DOW behoves us to point out more in detail the veiy serious 
conseqiipoces entailed on agriculture in general by the carrying 
out of that most pernicious theory, that water is the best and cheapest 
carrier of city sewage ; a*fallacy which, after all, lies at the bottom 
of most sewerage schemes. 

As the sewage liquid actually utilised bears such a very small 
proportion to the gross amount of excrements annually produced 
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by the pofralation of a whole dty or cojmisrjt we may as well take 
it for granted that, in many cases, the entire enormous quantity 
is pradioally thrown into the sea, or left to eraporate into the 
atmosphere* Now, to gain ^any^ing like a correct idea of the 
immense annual loss thereby inflicted upon the agricultural inter- 
est, we have first to ascertain, as near as posable, the quantity of 
fertilising ingredients thus wasted, and their approximative market 
vsJue in pounds, dullings, and pence. 

We find a remarkable divergence in the estimates made thereof 
by some of our most eminent scientific men ; which, however, is 
easily accounted for by the variety of circumstances influencing 
the quantity and intrinsic value of fsBcal malters produced in a 
given locality. Both appear to depend not only upon the degree 
of dilution by water, but also upon the general habits of a people, 
their social position and national customs ; nay, even upon their 
religious cre^, in so far as frequent fasting, or a preponderance 
of vegetable over animal diet, of course considerably affects the 
quantity and quality of the fasces produced. 

For instance,*Dr. Schultz-Schultzenstein, in his valuable work on 
* Pflanzenemahrung/ &c«, states that in Nice and Genoa the 
farmers contract with Protestant householders for the fasces 
collected in their cesspools at the annual rate of five francs per 
liead, whilst to Catholics they pay only four: the excrements 

E reduced in the Minority monasteries, on account of the inferior 
ind of food there consumed, farmers refuse to buy at adl, not 
considering them even worth the trouble of removaL 
The following table shows the average quantity of faeces pro- 
duced according to various estimates 
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Taking again an average of the analjaes of various authoriUes, 
yn find that the solid and fiuid exerementaof an average iqdividual 
of all nations, sexes, and ages, contain the following peroentage of 
ingredients > 
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Tbe annual produce of an average individual of the four princi- 
pally useful ones of the above ingredients is as follows : — 
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} The abore eetimate refen to tbe eacrenenUi actually colliicted, allowing fur waite. 

It will be seen from this table that, if human excreta, including 
urine, were reduced by evaporation to the dry condition of guano, 
it would contain by weight fully 20 per cent, of ammonia, in which 
respect it compares very favourably indeed with tbe latter kind of 
manure, tbe b^t specimens of which contain only 8^ per cent. 

Acco^ng to these estimates, the annual value of human excre- 
ments, both solids and fluids, would in round figures sum up as 
follows : — 
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Hieeecalciilatioiis sbow the value of the excremeote of aa average 
individual) aome 10 cubic feet containing about 50lbe. of fertilising 
ingredients per annuni) to be about IDs. sterling.* For LcmdoU) 
with its 3)000)000 inhabitants^ the annual value is 1)500)000L) 
hitherto utterly thrown away by the sewers into the Thames. Of 
the United Kingdom) assuming one-third of the population to save 
their excrementS) and apply them to agricultural purposes in one 
shape or another) the other two-thirds lost through * sewerage by 
water carriage ’ woiiM still amount to 500,000 tons of fertilisers) 
or thereabouts) worth the enormous sum of some 10,000)0001. per 
annum. But this sum, large as it is, does not by any means 
represent the real extent of the loss sustained. To estimate that 
we must) of course, also bear in mind, that England imports both 
foreigi) fertilisers (guano, bones, d:c.), and foreign food (com, beef, 
butter, cheese, &c.), involving, year after year, a very considerable 
drain of capital out of the countiy, for which no adequate returns 
are obtained. 

To gain some approximative idea of th^ enormous annual drain 
of capital to foreign parts, let us fiift ascertain the real intrinsic 
value of the fertilisers thrown away by our present mode of sewerage 
by water-carr^ge,by taking also into account what quantities of food 
these very same fertilisers might have produced, if applied to agri- 
culture in the way so cleiirly pointed out by nature and reason. 

The fertilising ingredients contained in the annual faecal matter 
of an average hea<i of population are capable of raising as much 
grain as 75 lbs. of Peruvian guauo ; and the application of 2^ cwt. 
ss:280 lbs. guano per acre gives, according to Prof. Voelcker, an 
increase of 12 bushels of corn. The manure of one individual 
would thus yield an increase of bushels, worth at 50s. per 
quartern, say li. To cast away the 10,00050001. worth of manure 
due to two-thirds of the population of Great Britain, is thus equal 
to a waste of 20,000,000/, worth of fotxl ! 

Now let us see what is done to repair the fearful loss inflicted 
upon the country by throwing its sewage away ; the only means 
applied are importation of foreign fertilisers and importation of 
foreign food. 

The fertilisers imported consist chiefly of bones and guano. 
For the first-named article large dep<>ts have been established all 
over the Continent of Europe, to receive whatever scavengers and 
bone-pickers f can possibly collect in streets, courts, butchers' stalls, 
&C. ; and shiploatls of bones are thus annually sent to England, 
amounting, from Bavaria alone, to some 6,000 tons. Besides this, 
nearly all old public cemeteries have been ransacked, amongst 
others the catacombs of Sicily, which are now completely exhausted. 

^ Bsron Liebig estimaten 16 franeti, or 12#. per head per aanitin, for aimnonta 
and pboaphatea alone, omitting the other ingredients which are included in our esti- 
mate of 10s. Good scientiSc authorities, however, consider the baron*s valuation bj 

too high. 

To give a good comparative idea of the value of human excrements as manniv, 
we may state that, sending to Haeaire and Marcet. 1 lb. of this snbitmnee is equal 
to ISlba. of horse-dung : or 6 lbs. of oow-dung, in fertilising qualities. Dr. Voel^er 
sajs that horse-dung contains but a mere trace of firse ammonia at any tune ; when 
perfbetly IMi H is scarcely measurable, there bein|| only S parts in 100,€i0 pnita of 
dung; ^ tons of dung yimd only 49 Ihm. of ammonia. 

t Theoe leeeive almut la Sd. per 100 Iba. 
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Nay, even the Bolemn repoae of the warriors fallen on the glorious 
fields of Leipsic, Waterloo, the Crimea, and elsewhere, has been 
repeatedly disturbed, thus compelling them twice to serve the 
requirements of humanity, first by their stout hearts and strong 
hands in bloody warfare, and afterwards by their dry bones, ground 
up into fertilisers to replace those insanely thrown away. 

In fact Britannia may be said to feed like a huge vulture on the 
carcasses of all Europe, nay of nearly the whole world, consuming 
their very marrow and sultstance, without, ^Mwever, gaining any 
permanent relief for herself. ^ It is impossible,* says Liebig, * that 
such a sinful violation of the divine laws of nature should for ever 
remain unpunished ;1ind the time will probably come for England, 
sooner than for other countries, when with all her wealth iu gold, 
iron, and coal, she will be unable to b\ty one thousandth part of 
the food which she has, during hundreds of years, thrown so reck- 
lessly awayl' 

The imports of guano began in 1841. This siibstance, known 
in Peru as ^pichin hnano|M«bird manure, consists of the excrements 
of sea birds, principally the *Sula variegata.’ It istompowd, like 
those of snakes, of mixed faeces and urine, containing laige pro- 
portions of ammonia and phosphates, and is chieHy from 

the Chincha Islands, off the IVruvian coast. Already, in 1832, 
attempts had been made to introduce this fertiliser into Europe; 
but the scheme tlien failed, as it was deemed preposterous to go 
all the way to the Pacific Ocean for mere birds’ dung. 

From 1841 to 1860, the av€*rage annual export of guano from 
Peru amounted to about 20,000 tons; iu iHfU it rose to 348, />(K) 
tons, the transport of which cost about 1,(K)0,0(K)/. The export 
from Peru of guano in 1862 was as follows: — 


Great Britsin* . 
British Colonies . 
Belgium . 
France 

French Colonics 
Germany . 
Spain 

Mauritius . 
United States 
Italy . 

Holland 

China 


Tons 

121,709 

l,6»0 

ft().237 

44,300 

4,730 

27,044 

20,771 

13,A90 

12,470 

4,0AA 

2,406 

460 


Total . , 304,662 

Which, at the price of 8i., or 40# per ton, yieldwl Peru an income 
of 12,186,480#, being more than the total of all her other exports. 

In the same year (1862) the Peruvian Government ordered a 
survey to be made of the guano beds on the Cbinclia Islands, when 
the supply yet on hand was reported to be 9,548,735 tonA, which, 
with an annual oousumption of some 400,000 tons, would l^t only 
about twenty-faur year$ to come. Alarmed at seeing their princi- 
pal mine of wealth so nearly exhausted, the government ordered a 
second survey to be made, which, however, reported still more 


* Bnriag the nine monthe ending September SO, 1866. the importation of goano in 
Great Mpn wm 170.946 tons agaiiu^ 82.083 tons in 1S64. and 170,382 tons in 
1863. Jpbe rmlne dnring the Snt eight montha of 1866 waa 1.666,803/.. the avenge 
price 12/. per ton. 
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unfiiroanblf » nunety, tliat the whole eiqipty would not laat loi^ 
tiuui twenty year*, an estimate found s^ too high pracow 
men wdl acquaint with die subject, who fully Miere that the 
PeruTian guano beds will be exhausted in about ten yean.* 

In t^ meantime the most strenuous efforts were made to find 
out new aouroea of supply of this, under existii^ cumimstanees, 
quite indispensable fmtiiiser, leading to the following discoreries : — 

Toot. 

Loboff Iilaadi, ciliautod to yield Mmie • • . . 4,000,000 

Moooli grcmp „ „ .... 1,600,000 

Ovh&iipe gitmp „ „ .... 2,500,000 

19eir Qoedo bede, total, some . • . . f • . 8,000,000 

This fresh supply, however, is only of an inferior quality com- 
pared to the Peruvian article, which owes its superiority to the 
circumstance that, as it never rains on the Chincha Iskmds, the 
fertilising ingredients of the manure are not washed out. 

The enormous annual loss inflicted upon England by sewerage 
through water-carriage may now be summed up as follows : — 

The fflBcal fnatter of 20,000,000 of people now utterly thrown 
away, if applied to agriculture in the way pointed out by the laws 
of nature, ^ 

Would product An incrcaia of crops at tbs 


rAt« of 1/. per head (aoe past 76) . . . . /20,000,000 

They would further mys the annual impor* 
tation of guano, say ... . jfl,600,000 

Bones, Ste. ...... 600,000 

2,000,000 

Total per £22,000,000 


now needlessly drained out of England by importation of foreign 
fertilisers and foreign food. 

According to Kolb’s * Vergleichende Statistik,’ the public funds 
applied to the relief of the poor in 1863 amounted to : — 

England £0,626,071 

HcoUand 736,028 

Ireland 701,031 


Total 


£10,762,130 


The budget of 1864-5 contains:- 

Income tax 

Stamps 

Total .... 


3,600,000 

0,820,000 


£26,700,000 


* So Admind Moreshr reported in 1661 to the British Ooeemmeat tbst the guano 
beds then known would be exhausted in from right to nine Years. MotwithsUading 
this, we tgd the Boyal Prussian engbeer, Mr. Veit M^er, in a paper on the * Utili- 
sation of Sewage,' read boibre the Folytediaic Society of Berlin, eoMemns the Pvi^ui 
plan of juHidrette manafretttfe,aDdadrises to coodnet the whole eewige into the Seine, oe 
Is done in England, * it being better,* he says, * to purchase anunagy that quantity of 
amnnte in the shm of nanor The o^^on of this genUeman was takan as that of 
•n espsvt by the Frankmrt antboritica, m their disenssions about the drainage of that 
town. Ho wonder that thsfr lem4j del&entions lid to sueh eukm as 

itatad an jmges 68 and 64i 

A lain Perariaa pa^ sutas that fonlinnally an aenngs of nine shipa am 
gnnno at flm Chim^ Islatids, and that this ntaterial is so rwpidly deenaritti,thatiii 
tba beds are likely to be exhausted in about two-and-a-hi^ w three jems at the 
latest! 
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which, in future, mi^t to a great extent be defirayed out of the 
prooe^ of a rational utilisation of sewage all over the countiy. 

The only attempt that seems to be n^e to saye some of the 
London sewage is the gigantic plan of Messrs. Napier and Hope, 
to use it for fertilising the Maplin Beach JSandSf or fiats, at the 
mouth of the Thames, to effect which an immense new culvert, or 
sewer, is required, some forty-five miles long, estimated to cost with 


embankments and all contingencies, about • £2,028,000 

Together with pumping engines . • • 72,000 

Total j^00,0b0 


Baron Liebig, in a^Ietter to I^rd Rol>ert Montague, president of 
the Sewage Committee, condemns this project altogether and em- 
phatically predicts its utter failure ; bemuse all the sewage in the 
world is not capable of converting barren sand into fertile soil, 
unless the sand be first largely mixed with clay, lime, magnesia, 
and similar ingredients, capable of solving and absorbing the 
fructifying elements oontaineti in the manure. 

According to tliis letter, written in July, 1865, ffie baron says, 
* All the sewage matter of the whole earth will not be ai^le to con^ 
vert the Majolin Sands and Dingle Flats into goo(imefuiows, or 
arable lana^ such barren sandy soil merely absorbing, but never 
assimilaJting^ sewage salts, various other ingredients being also 
imperatively re<iiiired to efft*ct the change contemplated. Baron 
Liebig satisfactorily proves that, if such an experiment has par- 
tially succeeded with the Kdinburgh Meadows, so often qu(»te<l, it 
is only because the loam and clay carried down by the sewage 
liquid from the heights above impart fertility to the sands below. 
Baron Liebig's natural deduction is, that Hhe Maplin Sands and 
Dingle Flats must jfrst he trmied with loam^ clay^ limCf and 
magnesia in enormous quantUies, before irrigation with Loriflon 
sewage liquid could pmZuce any vegef,able life ; a process of 
course quite out of the question with such extenswe tracts.^ 
Messrs. Napier and Hope's grand scheme must therefore, according 
to Liebig, prove an inevitable al>ortion, entailing heavy pecuniary 
losses on all those who are foolish enough to invest their capital in 
it. Let us hope that, at the eleventh hour, the voice of true 
science and common sense may yet be heard, and that millions of 
pounds, shillings, and pence may be saved to lietter purposes. 

This and various other reasons, fully explained in our remarks 
on the utilisation of sewage, loudly proclaim against a new and 
costly experiment in a wrong direction, which could only result 
in the loss of the sewage together with the 2,100,0002. to be ex- 
pended on the works, and would besides render the whole neigh- 
ix^urhood uninhabitable by spreading deadly exhalations for miles 
and miles around. 

5. National Econokt. — Sound national economy, as understood 
and promulgated by many eminent public men and distinguished 
authors of me present day, teaches us, amongst other highly im- 
portant truths, 

Ist/ Whatever can be advantageously produced in a countjy, 
should never be imported from another ; and, 
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8Bd, All capital, finding bealtliy mployment at home, should 
never go abroad. 

It Is semi, at the veiy first glance, that both these fundamental 
prindplesare constantly and openly violated the presoit system 
of cfty-sewerage by vrater-carriage. 

The immense quantities of manure daily produced in our 
populous cities, a first>rate article, at least fully equivalent to 
guano and bones if only the vrater be kept out, is remorselessly 
tbrovm away into rivers and the sea, whereby the farmer finds 
himself compelled to import guano from Peru, and rake up for 
bones old battlefields all over the world. These fertilisers, im- 
ported from abroad at great cost, being far from sufficient, agri- 
culture languishes; millions of acres of excellent arable land, 
remain untilled ; and the famishing cities, in retribution for their 
sinful waste of manure, are under the necessity of constantly im- 
porting enormous quantities of breadstuffs, cattle, butter, and 
many other articles of food, nearly all of which might just as 
well be produced at home. 

Thus a constant and most serious drain of capital remitted to 
foreign countries is kept up, which might far more advantageously 
be employed^at home, if only the diviue laws of Nature and |be 
teachings of tnie national economy were more generally understood 
and obeyed ; an anomaly which must strike anyone who bestows 
the least consideration on the subject. 

It would certainly be a noble task for the Press to enlighten the 
public, and cause it fully to recognise the astounding facts which 
we have endeavoured to point out with regard to city sewerage by 
water carriage, as many abler writers have done before. In the 
meantime, the multifarious disadvantages, technical, financial, 
sanitary, and agricultural, expluned in the ^'preceding pages, may 
serve as a kind of indictment carefully drawn up imder the guid- 
ance of stern modem science, daily experience, and common 
sense; and the ultimate verdict be left to the judgment of an 
enlightened public. 
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VI. CONTINENTAL SEWERAGE SYSTEMS** 

We now proceed to describe very briefly the various systems in 
use on the Continent for removing excrements from towns by 
transport, or what in German is called StiuUt*^Relnl(ptn(f (city- 
cleaning), and in Travaux ih Vidange^ or Travanx 

<tAMfitnls9enimt (works for emptying, or making healthy). As 
in English we And no words exactly corresponding with these 
terms, we have adopted the above title, although no ‘sewers’ form 
part of the methods we have to treat of. 

Generally speaking, the (Continental sewerage systems may bi< 
divided into two distinct classes, viz. ; — 

1. Ccjsspools; • 

2. Movable receptacles {fosses mobiles ) ; 

botl serving to collect ficcal matters only, exchiding other 
refuse substances, such ns household waste water, kitchen-stuflT, 
Ac. This exclusion is rcnderi'd imperativt* by the fact that other- 
wise the mass would soon becf»me too bulky for remf)val by trans- 
port ; and, besides this, farmers would refttse to buy it fi>r manure 
—objections which of course absolutely forbid the list* of any 
waterclosets, wliich would increase the annual produce of 10 
cubic feet faecal matter to some 600 or 700 cubic feet per heoii. 

• 

1. Cesspools. — T he gf'UfTal construction of cesspools on the 
Continent is mostly left to the private judgment of the house- 
holder or builder ; but, in some cities, very strict police regu- 
lations exist, with regard to their form, dimensions, and other 
details. 

For instance ; in Ostend, cesspools must have at least a capacity 
of 4 cubic nidtres (148 cubic feet), and an arch of 18 centiin^tn s 
(8 incht*8) thickness; wall and iKittom to be 33 centimetres (13^ 
inches) thick, and the manhole 20 inches in diameter. In Metz, 
the cesspools are compelled to l>e made of water-tight brickwork, 
2 mMres high, and covered with an arch. In Strasburg ccjsspools 
may be round, elliptic, or square; but, in the latter case, the 
comers must be roundc*d off with crirclc*s of 9^ inched radius. In 
Lyons, they are made of all sizes, some actually of 30 cubic mMres, 
or 1,110 cubic feet. In Munich, cesspools are compelled to be 
outside of the house walls, and 4x4 feet section, and 7 fetii 
high. In some towns the law prescribes a ventilating flue running 
up from the pit to the house-roof, or intn the chimney, and variotjs 
other regulations, to suit local circumstances. 

These cesspools are periodically emptied in three different 
manners ; — 

* W« iMire indaded tbe Ettnka frocoM, EaHk-elottf^ Proftuor 1 

dec.. tUDOngif tbe Contmeoy^l * ll I'y are eo cloeelj related 

to them. 

a 
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1. By hand, Aore\, and backet ; 

2. By suction pumps ; 

3« By pneumatic pressure. 

The first mode luckily requires no description, as its details are 
too revolting for print. ThJu offensive practice, notwithstanding 
the intense suffering it entails whenever it occurs, not only on the 
inmates of a bouse, but on a whole neighbourhood, is still regularly 
practised and oflScially sanctioned in many Continental towns 
which occupy a high rank in the scale of civilisation and social 
refinement 

The mode of emptying cesspools by suction pumps, which is far 
more preferable, is accomplished by various contrivances. First 
we have Mr. Mestdagh's < Pompe k souffiet,’ patented in Bdgiuni, 
where it has been introduced in various towns. This pump may 
he described as follows ; Two large bellows, having their nozzles 
turned towards each other, communicate through their valve- 
openings with a roomy pipe, to which a 3-inch suction pipe is 
attach^ ; a lever, pivoted in the middle like that of a fire-engine, 
operates updh the bellows in such a manner that when one is 
raised the other is depressed ; which alternate motion first sucks 
the fascal matter, and then forces it into the ascending 3-inch 
pipe. This pump, costing about 20/., is placed upon a little 
waggon, carrying also the hose and other fixtures. An iron 
receiving cylinder, 6^ feet long and 3 feet in diameter, lies upon 
a separate carriage, and generally remains in the street whilst the 
pump is placed os near the cesspool as practicable. A 3-inch hose 
laid through the house, court, or garden, establishes the communi- 
cation between the pump and the receiving cylinder. 

Another juimping arrangement is the so-Ciilled ‘New York 
Pump,’ manufactured by Mr. Sebiettin^r of Muhlhaiisen. It 
resembles somewhat an ordinary horizontal high-pressure steam- 
engine, with this difference, of cimrse, that the motive power is 
derived from two cranks on the driving axle worked by labourers, 
whilst the cylinder is filled with and emptied of sewage matter 
through the reciprocating motion of the piston. The pump is of 
double action, and bos a regular D slide-valve worked by a seg- 
mental cam, instead of the ordinary four-flap valves ; a heavy 
balance-wheel regulates the motion. This pump seems to be 
easier worked than the bellows class, and gives more satisfaction. 
It is in use in Munich, Zurich, Basle, Lyons, and many other 
towns. 

To obviate the offensive efiluvia arising from the cylinder while 
it is gradtuilly filling, the latter is now in many towns furnished 
with a sort of chimney, in which about midway a little charcoal 
fire ttes glimmering; the air displaced by the sewage matter 
running into the cylinder must pass through this fire and is 
thereby purified. 

A still better arrangement for emptying cesspools is the more 
modem one, by pneumatic pressure, by which the pompiog 
waggon is dispens^ with, and only the receiving cylinder used. 
Whm about to be employed, this cylinder is filled firom a small 
slarionaiy boiler with steam of about atmosphere prawure, 
whieh drives all the air contained pn it through a chimnsgr obn- 
taitting a charcoal fire to make it inoSensive. When the ^linder 
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18 fiUed with vtemm, the Falve is dosed, the coniieetiog pipe de- 
tidied, end the waggon drives to its destination. During the 
transit the steam condenses, leaving a perfect vacuum above a 
little water collecting in the bottom. To empty a cesspool it is 
then only necessary to fiisten one end of a hose to a coupling 
socket on the cylinder, and lower the other end into the pool. 
The moment the valve in the socket is opened, the air forces the 
sewage matter into the cylinder, until the gases collecting in the 
upper part balance the pressure of the atmosphere. The resistance 
of these gases prevents the hiling of the cylinder to more than 
about three-quarters of its capacity, the suction being very power* 
ful in the start, but gradually slackening off, until brought to a 
dead Aop by the above cause. 

Another mode of making a vacuum in the waggon cylinder is 
used in Turin by filling it with water, and allowing this to dis- 
charge into a vertical pipe of 36 fU in height, with a short l>end 
below like a barometer. The cylinder will of course entirely 
empty itself both of air and water, when the valve is closed and 
the waggon is ready for use. This method requffes not only 
abundance of water brought to that height, but also a clear fall of 
36 ft. for the free discharge of it. • 

In Milan, where these local advantages cannot \^e had, the fol- 
lowing strange arrangements are applied to obtain what is callcMl 
by the high-sounding name of * hydro-pneutnatic force.’ A sort 
of box-reservoir, conUining 20 cubic mHres of watcjr, stands with 
its bottom 2^ metres above the ground. Under it, sunk half in 
the earth, lies an iron cylinder of 1 nuHre diameter, and of 16 
cubic metres capacity. A pipe conducts water from the reservoir 
into the cylinder and fillp it. A pump, worked by a y(»ke of oxen, 
pumps the water out of this cylinder again, after every other 
opening has been shut; the result is a vacuum in the cylinder 
below. The pneumatic waggon cylinder is now backed up to the 
reservoir, and also filled with water, which, by means of a connect- 
ing pipe, is then emptied into the evacuated cylinder below, leav- 
ing of course a vacuum behind in the waggon cylinder. As the 
latter contains only 2 cubic metres, eight such cylinders can be 
simultaneously evacuated by connecting them with the apparatus. 
Of this roundabout way of establishing a vacuum the good people 
of Milan seem to l)e very proud, never taking into account the 
amount of force nefnllessly spent by constantly moving about such 
great masses of water. The same result could of course be ob- 
tained much cheaper by applying a steam airpump direct to the 
waggon cylinder to be evacuated. 

In Turin, where it appears all sorts of sewerage schemes have 
been tried, it was also proposed by Mr. Cbapusot to conaect all 
cesspools by means of subterranean pipes with a central depfit, 
which, when evacuated of air, would enable the emptying process 
to go on without even the knowledge of the inhabitants. This 
would, of course, have been a great point gained, as few domestic 
oocurrences are a more revolting nature than the emptying of 
cesspools. But as Mr. Cbapusot did not strike at the root of the 
evil, namely, by removing these disgusting pits, his scheme, being 
also otherwise too complicated, fell to the graund. 
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The principal objection to all these various qrstems is, of course, 
that cesspools form an integral part of them. We have already 
sufficiently pointed out that these pits are an intolerable public 
nuisance, for the following reasons : — 

а. The walls, however well cemented, always allow more or less 

filtration of the noxious matters coDtained in cesspools, a 
danger Incurred already by the slightest crack or fissure re- 
sulting from a subsidence of the ground, which filtration or 
percolation saturates the soil and poisons the wells, to the 
serious injury of the public health. 

б. The sewage matter being retained in cqsspools for months and 

even years,* it soon passes into a state of fermentation and 
putrefaction, evolving continually large volumes of most 
noxious gases, whether there be a ventilation chimney or not, 
thereby polluting the surrounding atmosphere. 

c. This fermentation and putrefaction most seriously diminishes 

the agricultural value of the faK!al matters, rendering them 
almost worthless for fertilising purposes, if the retention in 
cesspoo/s is of long duration. 

d. The emptying process must always be accompanied by more or 

less ofr noisome effluvia, even when deodorisers are used, and 
with a disagreeable bustle, drawing the attention of the in- 
mates to a business which, on refined people with sensitive 
nerves, must always have a most nauseating effect, even when 
the operation goes on at night, the entrance of working men 
into dwellings wit)i their tools and fixtures causing only 
much greater disturbance and annoyance. 

These and many other well-known and universally acknowledged 
objections led, in many places, to the aiitiption of other systems, 
which we shall now have briefly to consider. 

2. Fc«sb8 Mobiles. — The ‘ fosses mobiles * of the French, or 
‘ Abfuhrtonnen ’ of the Germans, consist of wooden or metal vessels 
or barrels, which are plotted directly under the outlet of privy pipes 
in the basement of buihlings, and when filled are either emptied 
into a waggon waiting in the street, or taken away altogether and 
replaced by empty vessels. The use of waterclosets is in this case, 
of course, also out of the question. 

An example of the simplest and oldest-fasbioned arrangement of 
this kind can be seeu in Groningen in the Netherlands. There, 
simple open buckets, 18 inches in diameter and 18 inches in 
depth, are placed immediately under the openings of the privy 
seats. When filled, which occurs once or twice a week, according 
to the^ numbers of a household, they are emptied into vehicles, 
which,* at the expense of the iowm, perambulate the streets in the 
morning. These vehicles are of two kinds, namely, four-wheeled 
wiiggons for the fluids, and two-wheeled carts for the removal of 
the solid excrements. . The buckets are emptied into these vehicles 
quite openly in the street, causing, of course, a stendi and offen- 
siveness knore easily to be imagined than described. Groningen, 
with some 37,000 inhabitants, employs for this purpose 22 waggons 

* Tliifs are manj instancM on nooid of ceoipoois boiiiff oaifittod Imt ones in a 
caatinj, for iaataaco, ia the old-faehkwed toim of Liuiehiirg, Hanorer. 
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and 8 carta with 30 horsea, traaaportiiig the f»cal matters to an 
endoBure outside the town, wbm the; are discharged and mixed 
with the town. ashes and street scrapings. The compost thus 
formed is» every two or three months, sold b; auction to farmers, 
coming often from 20 to 50 miles distance to obtain it, principally 
for growing rye, barley, and oil with it Groningen has had 
recently to pay very dearly for her utter disregard of sanitary laws 
by a severe visitation of cholera, which carried off some 2,500 
victims in a comparatively short time. The immediate neighbour* 
hood of the municipal compost manufactoiy, of course, suffered 
the most. 

Amongst many otber towns where this biicket^system is in 
practice, l^ipsic deserves to l>e mentioned as a favourable exception. 
This town, witli a population of some 80,000, posseaves a well- 
constructc'd system of sewers, intendtH^l, however, to carry off only 
the rainfall and domestic waste water, all excremental matter being 
excluded by law, and the use of watercKisets btnngalso prohibited. 
The removal of faeces and urine is leased to a contraetor, who 
empties the cesspits by means of pneumatic waggons with cylindri- 
cal receivers of (52 cubic feet capacity. The price of removal is 
2s. per waggon li»ad. ^ 

But a g(HKi number of Ijouw^s have adopted the ‘fosses mobiles,’ 
large strong Imckets capable of being liennetically closed when 
taken away. The hoiiseholders must pay per bucket for re- 
moval, and furnish the vessel itstdf at a cost of 7^ thalers (£1 2s.), 
and about 5s. auntially for repairs. 'J'he Leipsic contractor 
discharges the excrements into open pits, and treats then» with 
sulphuric acid, allowing the fluids to run off from the precipitate 
obtained. The latter, when sufficiently drit^d, is cut up with spades, 
taken out, still further iried, ground to fine powder hy means of 
heavy stones, put into sficks and rtta<lily sold at thaler (3s. 8fi.) 
f»er 100 lbs. The fluids, which largely preponderate, bring only 6(L 
per waggon load of abejut 50 cubic ft. 

3- Utilisation or Exckements.— The fecal mattiTs taken out 
of cesspools and movable receptacles are utiliscnl in various ways, 
with more or less success, according to the simplicity of the manipu- 
lation and the comparative fnahness of the material, w hich, as stated 
before, continually decreases in agricultural value the lunger it is 
retained in fermentation. These various processes may be classified 
as follows: — 

a. Evaporation hy the atmosphere. 

L Evaporation l)y artificial fieat. 
c. Mechanical and chemical filtration, 

(L Admixture of solid deodorisers. • 

We shall now have a few words to say about each one of these 
systems. 

4. Evapobahon bt the Atuosphzbe, combined with clearance 
of wateiy parts through rest. 

As this scheme is most completely carried out at Paris, a short 
description of the sewerage works there may be found not quite 
uninteresting. 



M 


T1 OmmnorTAL SswmmMm BrBwm. 


The dtf of PariB is drained hy a qrstem of sewers built upon a 
soale whidh throws the London intercepting culverts, and even the 
fsmous Roman Cloaca 3iazinia, completely into the shade. The 
Parisian sewers, principally executed umler Napoleon L, ipartake 
more of the character of tunnels, many of them being 18 ft. wide 
and 18 feet high. It is asserted, with how much truth we cannot 
say, that these enormous dimensions were given, not so much 
for the sake of drainage as for opening a subterranean militaiy 
communication to ftdlitate strategic movements in cases of revo- 
lutionary outbreaks. 

No solid excrements are allowed to be thrown into these sewers, 
which, however, carry off all other sewage matters, including the 
proceeds of all public pissoirs and the rainfall In the mid^e of 
the sewers there are open gutters, the large ones some Ilf feet 
wide and 4f feet deep, with a banquette on each side, furnished 
with a railway track. 

As these sewers have but little fall, and are not supplied with 
any Water for flushing, the stoppages by sediment and street refuse 
are of course frequent enough. To remove these, dams or weirs 
fitting in the gutter are employed, which are fastened to the 
railway oars running on the banquettes. These weirs are looped 
with washhotes, through which the water, backed up behind, spouts 
with considerable force, thereby scouring away the sediment, while 
by the same force the weirs slowly move forward. What stop- 
pages cannot be thus removed are taken out with spades, thrown 
on the banquettes, and carried off by the railway-cars. 

The solid excrements are collected partly in masonry cesspools, 
partly in movable vessels of all kinds. Concerning the first, many 
police regulations have been enacted, of which those of 1819 are 
very important It is thereby required that cesspools must at 
least be 6 ft. 7 in. high ; that they be constructed of granite 
and hydraulic cement, and provided with an efiiuvium escape 8 
inches square, connected with a flue leading up to the roof of the 
bouse. In December, 1850, it was further enacted, that no cess- 
pool shall be emptied without previous disinfection ; that the cess- 
pools must be provided with a perforated wall, called * separateur,’ 
for allowing the watery parts of the excrements to run off into a 
lower compartment, and thence into the sewers ; that the division 
holding the solids must have an * indicateur,’ showing always how 
full it is ; that the disinfection must take place the night before 
the emptying process ; and, finally, that it is not allowed to post- 
pone this operation until the cesspool is quite filled, but that 
sufficient room must be left for a proper disinfection. 

The novelty here introduced, the * separateur,' like its imitation 
in the movable receptacles, the strainer or ^ divtseur,’ of which we 
shall speak afterward, was applied to prevent as much as possible 
the fermentation which always ensues, whenever solid excrements 
remain mixed with urine. The consequence of this police regn- 
lation was, that all the urine of entire Paris flowed directly into 
the Seine, resulting soon in such an intolerable nuisance, that in 
1855 the municipal authorities, upon the special request of the 
prefect of the S^e, suspended tl^ part of the law again ontil 
fiirtlm notice. 

The withdrawal of all the wateiy parts by this straining jmeess 
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bis idao another greet inooii?enranee» namely, the aolid exeremenU 
obtain ioeh a oonaietenqr that removal by pumping or auction 
beoomei impoeeible ; ao that the pfimttive use of shovel and spade 
must bo resorted ta And what kind of work is that I Notwltb* 
idaoding a constant shower of dtsinfecting fluid, saturating even the 
labourers* dothes, the process is disgusting beyond all descrip* 
tion, the more so as a great many cesspools in Paris and France 
genaally are built in or under the cellars of the houses. 

The poor labotuars employed in this fearful business are subject 
to two terrible diseases, both due to the deadly efiBiivium of fisoes, 
and known by the names of * La Mitte * and * Le Plov^W the first 
being caused by ammonia gas, the second by sulphureted hydrogen, 
nitrogen, and hydro-sulphureted ammonia. 

^ £a MUte ’ consists of most painful distempers of the nose and 
eyes, and is also called ^ Ophthahnie des Vidangeurs,' The ^ con- 
junctiva* swells and every ray of light striking the eye gives a 
most excruciating pain (pliotophobie)* Sometimes the ^ient 
recovers in two or three days ; but very often the poor tuan be- 
comes blind, or loses at least one eye. • 

* Le Plvmbf on the other hand, is a sort of suflTociition. In a 
light degree it causes a feeling of faintiu^, general debility, short- 
ness of breath, and delirium. When, however, the airtu a cesspool 
is heavily charged with siilphurettKl hydrogen or hydro-mil phurettnl 
ammonia, then the wretehcHi labourer falls to the ground as if 
struck by lightning, and expires at once, ufliT uttering a painful 
cry of suflfocaticm. To utter this jKHMiliar cry is called by the 
vidangeurs * r/tanter le plcnabJ" If spt^edily brought to the open 
air, the patient may revive; but be is still liable to repeated 
attacks of the same painful complaint 

The plain truth is, this occupation of cleaning cesspools is so 
extremely* loathsome and revolting, that only the '"most degraded 
and needy men can be brought to earn their livelihood by it 
Surely a beneficent Creator never intended that human beings 
should be put to such vile uses, at the irnmineiit risk of losing 
their eyesight, nay, even tlieir life; a state of things which should 
no longer be tolerated in this the nineteenth century ; and the less 
so, as modern science teaclu^s us how to reach the end required, 
without resorting to such revolting processes. 

It was this and many other manifest disadvantages, combined with 
the fact that many houses had no cesspools at all, or had cLanibem 
without access to one, which led to the introduction of the ^fosses 
mobiles ’ at Paris. These movable receptacles are generally made 
of sheet-iron galvanised with tin, about 20 in. high and 10 in. 
in diameter. To prevent fennentation >>y mixing fieces with 
urine, a perforated partition reaches from the top to the bottom, 
dividing the utensil into two unequal parts, proTOitionOd d$ one to 
nine. The laiger division receives the mixed excrements, and 
allows the watery part to filter through into the smaller compart- 
ment, from whi<^ it escapes to the sewers, the whole bucket ^ing 
filled in idxMit twenty-two days. 

There is stQl another neater barrel in nse, called * tinette,* con- 
sisting of two concentric tin cylinders, tbe inner one perforated 
over its entire surface, for allowing the watei^ parts of tbe excre- 
ments to fitter through into the outer one. 
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^t^gjdf called the ^Oapillaiy Syetem’ of Bboard and Obenaux, 
Thii ie a simple wooden bamlf in the middle of which tiie solids 
fisUi the fluids being supposed to driszle by capillary attiBction 
down the sides of the pipe into a second barreL It is evidmit that» 
in case of a violent or quick discharge, the urine will not always 
follow the sides of the pipe, but enter the wrong barrel in spite of 
Messrs. Belicard and Chenaux, thus upsetting the whole ingenious 
« system.* 

We see thus that, in all the various arrangements Paris can 
boast of for sewerage purposes, both cesspools and * fosses mobileB,* 
the watery parts of the excrements are by some ^ artful dodge * or 
other to be kept separate from the solids, the former eventually 
to find their way into the Seine, the latter to be retained in bulk 
‘ for higher purposes.’ 

The removal of the solid excrements is generally in the hands 
of but one contractor, bound by the authorities to a certain tariff 
in his dealings with the citizens. To empty a cesspool a charge of 
about 8 fraqcs per cubic m^tre is allowed, and from 2 to 4i 
francs for each ‘fosse mobile ’ or ‘ diviseur,* these prices varying 
not according to the size of the vessel but to the length of haul. 
When an inhabitant desires a movable apparatus, the contractor 
charges 35 francs for the first arrangement, with 20 francs annual 
rent, including repairs and deodorising. 

The fwcal matters thus collected are carried by the contractor 
in all sorts of waggons and carts, some 400 in number, to ‘ La 
Vilette,’ the so-called ‘ depottoire,’ or emj^tying station, of Paris. 
A canal runs from thence to Boudy, where the celebrated ‘ Pou- 
drette Factory’ flourishes. 

The ‘foa^es mobiles,’ ‘{inettes,’ and all similar fixtures are, 
upon their arrival at La Vilette, at once put on board of barges 
for conveyance to Boudy. The pneumatic and common barrel 
waggons, on the contrary, are emptied in a building close by La 
Vilette, upon the floor of a 8i>rt of gallery, of which there are 
nine, from whence the sewage runs down through sink-holes into 
large sewers, provided agidn wdth partitions, so arranged that the 
matter has to run | long time before reaching the further 
end, and leaves behind the heavier particles, such as street grit, 
sand, &C. The other softer parts finally arrive in a well-pit, from 
which a steam pump forces them through a cast-iron pipe to ^ndy, 
about 1^ mile further on. The Vilette buildings are well pro- 
vided with gas, water, and ventilation. 

At Bondy, the sewage is converted into manure, the so-called 
poudrette, into sal-ammoniac, and other chemical products, the 
first being the chief article manufactured. 

For poudrette there are eight large open basins excavated in the 
ground, which are in succession fill^ from the iron pipe above al- 
luded to, all the solid matter being gradually precipitated by slow 
movement from one department into another, whilst the wateiy 
elements evaporate. When one of the basins hBB a precipitate of 
about three feet it is isolated, and another one begun : it take^ 
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WbeB, liyevi^nitionttliii jHve^iitate baa become ao diy that it 
oan be cot with apadea, it ia taken oat in Uoeka, qpread out, and 
afterwards stained np to diy further. When tiw Uoeks are finally 
about * all right,* and begin to heat, whioh they do eery aoon, they 
are teduoed to powder and than pot up for sale. 

The wateiy parts, however, separating themreWes in the basins 
and pipes, cannot aU be got rid of by evaporation, but accumulate 
in great quantities. They are also put up for sale, but only pattly 
disposed of on the line of the canal, where bargee can be used, as 
otherwise the transpoA is too difficult and expensive. The balanee 
of thffimda is pumped back again to the ^ine by means of a six 
horsepower steam engine! 

The account-books show that, in 1859, there were transported 
to La Vilette : — 

115,111 cylinder wafi^nfi of aboat 2 cub. mitres c«cb» 

242,175 baiTflft and lafrincs. 

240,925 tioetUis and diriscum, * 

having a total contents of 278,155 cub. metres. 

Out of this raw material was manufactured, but noi all sold: — 

21,403 cub. mitrcft poudrcttc, 

4.930 „ „ Suid mnriurc, 

13,070 lbs. sulphiittf of ammuniii, 

784 „ nnini(»ntitcHl iii|uidM. 


And the prices realised were as follows : — 


Poudrf'tt^ 47frH. 6(>c. 
yiuid nuSiarti, Ifr. 

Suiphdte of ammonia, 45frs. 


per cubic mitrs. 
. per loo kilos. 


The buildings and arrangements, including the steam-engine, at 
Vilette, were erected and are maintained at the expense of the city 
of Paris, the contractor paying : — 


For the Ifr. 

For the liquidif, 1 fr. 25c. 


I per cubic mfctrc. 


Considering that he receives Sfrs. per cubic m^tre for removing the 
sewage out of cesspools, aud that he Is spared the expense of 
Vilette, and even the cost of pumping the mutter mile to 
Bondy, it may well be said that be is doing no bod business, as far 
as bis own pecuniary interest is concerned. But the case is totally 
different with regard to the city of Paris, as is shown by the fol- 
lowing statement : — 

Fimnof 

In 1S5S the city of Pfirie receiTod from the eemige eontntetor . 646,000 

Defimying, on the other hand, the following esneneee 

Intereet on capital inreeted in building, Ac., at France 

VUette and BondY 60,000 

Ifaintenance of wurke 100,000 

Pumping to Bondy 66,000 

Labour, Sec. ; SS,000 218,000 

LeaTtng a Doauml snrplne of . 


Fw. 627,020 
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We cell tide eurploe only nominal, because tiie account in reali^ 
stands thus : — 


BmboviI of eseriBi 0 Btf paid bj the ialiAbitMitf, 483,628 eiibie Fniiea 

mkvee at 8 fraacf • • 8,468,024 

▲bofa azpeiiM borne by the city 218,000 


8,687,024 

Beoeipta from the oontiimetor .••••,« 548,000 


21,468 enbie mbtree pondrette cost thus • . • Fre, 8,142,024 


to tlie citizens and city combined, being about Hdfrs. per cubic 
m&tre of a stuff selling only at 47fr& 50c. 

And when to this sum is further added the* enormous capit^ ex* 
pended on the sewers carrying off the urine, &c., the cost and 
maintenance of pneumatic and barrel waggons, carts, tinettes, 
div^iseurs, &c., the wages of labourers, feed of horses, and all other 
expenses, it will easily be understood that Paris has about as 
costly a system of removing excrements as could possibly be 
imagined. 

In fact, tUb total annual expenditure runs up to about 
9,000,000fr8. or nearly 5L per house ! And, in addition to this 
enormous charge, the inhabitants are constantly annoyed by 
* vidangeurs’ entering their houses to disinfect or remove, both 
operations of the most disgusting kind; for, even by the first- 
named process, if it is to be effective at all, the great quantity of 
disinfecting fluid required throws off a very offensive effluvium, the 
more so as the police allow the same to run off through the open 
street gutters into the next sewer. 

We must further add the great loss inflicted upon agriculture 
by allowing 90 per cent of the moat valuahl^fertUising ingredients 
to evaporate into the air, for the sake of producing a miserable 
‘poudrette,’ containing only a poor remnant o/ 10 per cent, of 
the original manuring elements ; and by throwing away all the 
urine, which alone would yield a princely income, if saved for 
agricultural purposes, but now only serves to pollute the Seine 
and contaminate the atmosphere, to the serious injury of public 
health. 

Considering all this, an intelligent reader will surely agree with 
us, that it is high time another and better sewerage system were 
adopted in a metropolis which claims to be the first in the world 
in arts, sciences, and refinem^t 

5. Evaporation bt Artificial Heat. — This method, called by 
the modest name of the * Eureka process,' is or was in operation 
at Manchester and Hyde, and effects by artificial heat what the 
Parisian^ plan does by the natural action of the atmosphere. If 
the lattw system has proved a dead loss in a financial point of view, 
what chance, of a profitable investment can there be, when the 
same ends are aimed at by the fiur more costly means of artificial 
heat? 

There is one poin^ however, in favour of the * Eureka proo^' 
namely, that the urine is not entirely wasted as in the Parisian 
poudrel^ manufiietory. The excrements are collected, mixed as 
produced, and then sp strongly deodorised, that is to say, the 
soluble gases are so absolutely fixe^ that they do not escape even 
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in the great heat to which they are aabjeoted for the evaporation 
of the water. 

The apparatufi by which this is effected is very well arranged in 
point of economy of fuel, but fiuls to dry the matter entirely. To 
aoeomplish this it is mixed with substances having themselves a 
little value as fertilisers, such as ashes used in Hyde, or coal and 
bone dust employed in Manchester. When such is done, the 
blocks are broken, reduced to powder, and packed in sacks, in which 
form the manure is transportable and not offensive. It sells for 
about 6s. per 100 lbs. 

To show what expense is incurred in obtaining this weight of 
manure powder, we mibmit the following estimate. From our 
tables on page 75, it appears that the daily excrements produced 
by an average individual consist of : — 

Solids 0*24 

Fluids 1*61 


containing the following ingredients: — 



SMlidii 

Fluid* 

TmUI 


roUDds 

rnutida • 

Pound* 

Water 

0*1 so 

1*410 

1*600 

Or)^nic substances . • 

0020 

0*061 

0*003 

Nitrogen . . 

0 ‘( H )3 

0*022 

0*026 

I’hosphoric acid .... 

0*002 

0006 

0*007 

Minerals 

0*026 

— 

0*026 

Total . . . . 


1*610 j 

1*760 1 


that is to say, of the lb. daily excrements of an average 

individual, lb. ares water, and only the remaining lb. use- 
ful solid ingredients. 

To obtain 100 lbs. solid dry substances, we should thus require 
the excrements of 666f individuals, producing at the same time 
1,066 lbs. water. As it is, however, not possible to evaporate all 
this, we may safely assume that, to obtain 100 lbs. concentrated 
manure, we need 1,000 lbs. excrements, of which 900 lbs. water 
must be evaporated, as follows: — 

80 Ibii. of solid usoful infp*edieutii 
20 y, waUr rf>t«in«i 
000 „ „ mpomtsd 

1,000 lbs. of esemnents. 

The expense incurred may be estimated as follows : — 


s. A 

Disiufscting Said IS 

CoUeetion and tnuisport of 1,000 lbs. of eicremenU at S<f. par 

100 IbA k 0 

Of stone coal 28 

Labour, attendance, Ac. 11 

Total expense . . . . 10 0 


for evaporating 1,000 lbs. excrements into 100 lbs. concentrated 
manure, which, as stated before, does not sell for more than 6s., 
leaving a clear loas of 40 per cent., without counting the interest 
on the capital invested in costly machines, Ac. 

This surely does not at all look like a profitable business. 
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Thd raid SnrtiliBiiig value, however, of an average individual's 
excremwts, as we have seen on p. 75, is some 10s. annually, giving 
for the 666f individuals above alluded to . . £333 6 8 

The Eurdca process would yield in 365 days at 6s. 109 ip 0 

Clear loss some 67 per cent., or . • £223 16 8 

Tills highly unfavourable result is partly due to the deodorisers 
used, causing the most valuable fertilising elements to become in- 
soluble, and partly to the fact that the manufiscturers generally add 
some earthy substances to promote drying, which, having in them- 
selves no material value, of course lessen file quality of the whole.* 

6. Mechanical and Gheuical Filtration. — In treating <k the 
sewerage works of Paris, we have already described the * Syst^me 
diviseur,* which is a general name for all kinds of receptacles so 
constructed as to separate the watery parts from the solids, at the 
time the excrements are produced. 

In most cases the means employed are nothing but a sort of 
coarse strainer,* made of a perforated sheet of tinned iron or zinc ; 
and the filtration thereby effected is, of course, of the rudest 
mechanical kind, resulting in a loss of at least 85 per cent, of the 
fertilising ingredients flowing off with the liquid into the street 
gutters or sewers. 

A great improvement upon these clumsy contrivances is the 
arran^ment introduced by *Compagnie Fonci^re Lucien Henri 
Blanchard & Cie,,* consisting of a barrel with a double liottom, the 
upper one of which is perforated and covered with a cloth of horse- 
hair, 1 centimetre thick, witli a layer of sulphate of magnesia 
(Epsom salts) spread over it, and over this pother layer of some 
substance saturated with phosphoric acid. 

The barrel so prepared is placed under the privy pipe, and both 
fseoes and urine fall into it, the first being of course retained, whilst 
the latter flows off through the strainer, which is here said to work 
at once both mechanic^illy and chemically, in such a manner, that 
all the fertilising ingredients are absorbed, and the watery parts 
flowing off are not only made inodorous, but also so purifit^, that 
they do not afterwards become putrid. Finally, it is stated that 
the solids themselves are deodorised. When the barrel is full, the 
contents are removed, and manufactured into a highly concentrated 
manure. • 

This arrangement has l)een introduced into the colonie of Mettray 
and in Toulouse, and is stated by the inventor to have given eveiy 
satisfaction. It appears, however, that the high price of phosphoric 
acid, &C., prevents this manufacture of manure being a profitable 
one, as may be seen by the following estimate : — 

To prepare 100 lbs. of solid manure, containing, however, some 
20 per cent, of water, the inventor considers necessaiy — 

300 Iba, of mixod exmanenti 
11 „ pbomhoric acid 

„ aulpoaU of magneata. 

* Maana. Lawoa and Oilbertatate, in Uicir treaUM on the * OompoaiHon and Valne 
of 8««ag^' that an analyaia of the *£QrelEa' manure made in 1868 at Bothamated. fit. 
Albana, provad it to eontain but 1 to 3 pw cent of ammonia, ao that it could not be 
naefiil nnloii applied in qnantitiet of manv Iona to the acre 
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Involviog the following expenditure : — 

«. d. 

Filtering substance, maintenance of barrel, &c., for 300 Iba. at 9d. 


per 100 lbs. . . 2 3 

Labonr and contingencies 17 

Phosphoric acid, 1 1 lbs. Bi id, 3 3 


Sulphate of magnesia, lbs. at li2. • • • . . .06 

Total 3 0 

The 100 lbs. of manure obtained are said to contain : — 


Water . . . 

Lbn. 

20 

Value 

«. d. 

I^itrogfn 

6 

at lOrl. . 

. 4 2 

Phoaphoric acid . • 

10 

id. 

. . . 3 4 

Organic sttbatancos 

45 

»• • 

. 0 

Minerals 

20 

100 


. 0 2] 

3 2 


The manure, if sold at its estimated value, would thus yield a 
profit of but 2(7. per 100 lbs., provided the raw materia) were brought 
free of all cost to the manufacturer's door ; but if he has to pay 
for collecting the excrements, it requires no further proof that 
his balance will appear on the wrong side of the ledger. 

Besides, without wishing to detract from the merit of this 
invention, we doubt whether the de<Hlorisati(>n of the solids, 
working from below upwards, and that of the fluids escaping 
towards the sewers, be really so perfi‘ct as is claimed, judging by 
the results of expt^riments nuule in detslorising sewage liquids 
with the same or similar chemicals. Finally, the arrangement is 
as little free as any other movable apparatus of the great nuisance 
caused by the periodical visits of labouring men upon a nauseating 
business. ^ 

The method introduced by Professor A. Muller, of Stockholm, 
and Dr. Schur, of Stettin, called the * Muller-Schur System,’ 
belongs also to the mechanical-chemical filtration class. To 
prevent fermentation, the solids are separated by a strainer from 
the fluids, and at every discharge are covered with mixed lime 
and charcoal powder— the one acting as a dryer, the other as a 
disinfectant; so that the mass can afterwards be reduced to a 
comparatively inoffensive powder. The valuable fluids, however, 
are completely lost, and the manure obtoined is worth not more 
than Is. 3(7. per 100 lbs. This system, like the others, has 
also the great fault of incurring the double expense of transport — 
first in bringing lime and coal to a house, and then carrying 
them away again with the excrements, besides rec|uiriDg periodi* 
cally the undesirable visitation of labouring men. 

7. Deooobisino FiBCAL Fluids. — B y this class of sewerage sys- 
tems the fluids are retained and allowed to be absorbed by earthy 
matters. The simplest mode of doing this is that practised in 
Manchester, where, as stated before, excrements and household 
ashes (nearly exclusively of stone coal) are collected in the same 
receptacle, the best and most complete arrangement of which 
depends, of coarse, entirely upon the comparative wealth of the 
owner. 

Considering that these ashes must be removed from the 
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dwellingB anyhow, this method is the best in point of economy, 
as no additional tomsport of deodorisers is required* But a 
nunnenf s reflection will show that the process is of little prac- 
tical value, owing to the varying proportions of ingredients among 
the different classes of society. Amongst the poor, ashes are not 
always so plentiful ; hence the absorption of the liquids is incom- 
plete, and the privies soon become offensive ; whilst in more wealthy 
houses the privy contents are almost exclusively a hedp of ashes of 
but little a^cultural use. Nor is it at all a or clean arrange- 
ment, as a great deal of the urine is puipcsely wasted, and Uie 
ashes do not prevent the escape of a large pdrtmti of ammonia in 
drying, unless repeatedly drenched with 8tl%huric acid. Expe- 
rience has shown that the manure thus produced does nibt at 
all repay the cost of a distant transport. 

Another variation of this plan is the preparation of the so-called 
* noir animalist,’ which is nothing else than excrements mixed with 
pulverised and properly prepared vegetable matter containing a 
great deal of carbon, such as turf, peat, &c. It is not necessary to 
explain this process at large, as it is obviously the same as the one 
mentioned before, with this drawback, that it costs still more in 
preparation ; besides, the disinfection being only partial, large 
quantities of the most valuable fertilisers are wasted by eva- 
poration. 

A more simple and practical arrangement for isolated dwellings 
is Mr. Moule’s Chair, or Earth-closet, as supplied by the Moule 
Earth-closet Company. This is a well-made closet in the shape 
of a sick-chair, fit to be placed in any room or corridor. The seat 
is perforated, and has a good stout bucket placed under it The 
back of the chair is hollow, and fi4e]^ with perfectly dried 
and finely pulverised earth : a valve is so connected with the seat, 
that when, after usage, the individual rises, a quantity of earth is 
discharged. 

The capacity of loose dry earth to absorb and deodorise fsEH^I 
matters is well known, there being perhaps no l)etter solvent to 
take up the ammonia and other gases evolved, and to unite in one 
highly fertilising compost what before were two or three most 
offensive and useless substances. 

Tbe objection, howevej^ to the general introduction of this 
arrangement is obvioito^'qli^ugh. To absorb and deodorise excre- 
ments, both fluids and solids, at least 8| times their volume of 
earth is required. Thus a transport takes place towards a house 
of 3^ volumes of earth, and from it of 4^ volumes including the 
excrements, equal to an average of 4 volumes each way. 

The annual produce of an average individual being 10 cubic 
feet of "excrements, a city of 100,000 inhabitants fumisbes 
1,000,000 cubic feet of frmi mattery which this method would 
increase to 4,000,000 cubic feet including the earth, to be trans- 
ported twice, first into the city and 3ien out again into the 
country. 

As all this transport must of course be effected by waggons, it 
is evidwt that tbe cost and trouble of the same would fUly 
swallow up the proceeds of the manure obtained, just as is the 
ease with the other systems already mentioned. Besides tbif^ 
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there is the nuiBance of a great aomber of waggons continually 
obstroeting the streets, first by bringing 3^00,000 cubic feet of 
earth into the town, and then by tiiking 4,500,000 cubic feet of 
oompost out again into the country, which circumstance alone 
would forbid the introduction of this most cumbrous method, 

A rather interesting exposition of this mode of dealing with 
sewage was made by Dr. Hawksley of London, in a paper read 
by him at the Sewage Conference held at Leamington, October 
25, 1866. The pi^^ entitled, * The Power for Good or Evil 
of Refuse Organic Ihller,* and was full of information and many 
just observations oa the value of human excreta, and the power of 
earth to deodorise itMsn. To reduce this sound theory to practice, 
however. Dr. Hawksley advises the adoption of the Moule system 
for the city of London in the following manner, which we copy 
from the * Birmingham Daily Post^ of Oetol)er 26, 1866. 

He proposes to divide the metropolis into 5()() sections. * In 
each section will be a number of men with horses and carts, and 
pails, who will call at the houses every morning, between the hours 
of six and nine A.M., for the removal of the soil to a general d4pdt, 
where kilns will be erected for drying it, and sending it away for 
agricultural purposes. He estimates that this will^ield a very 
large annual revenue to the city, and the system can be carricnl 
out without any offensive smells arising from the removal of the 
soil. The 6>llowing are the figures by which Dr. Hawksley 
arrives at his conclusions ; Population, 3, (KM), 000 ; ntimber of 
liahitations, 500, (K)0 ; numlM*r of ejirth-cdosets re<|uired by the new 
system, supposed to average two to each habitation, 1,0(K),000; 
dividing the town into 5(K) sections, having in eaidi a number of 
closets equal to 2,000; each secti(»n with 10 carts, 20 liorses, and 
20 men; every two m«4), CArt, and jmir of horses, are charged witli 
the care and management of earth-closets, numbering 200; the 
work to be done between six and nine A.M. ; each cart at leaving 
its station will convey a weight equal to 2 tons 1 cwt. ; consisting 
of 200 pails, 9 cwt., and 3,6(K) \\m, of earth. On returning to thcj 
station the additional weight will be 16 cwt and 102 lbs. The 
value of the product he estimated to be as follows: For each 
individual, 14s. per annum, at the lowest estimate — total sum, 
2,100,000t; or 15s. at the highest estimate, which woukl 
yield 2,287, 5(X){. per annum. Expense|||f collection and manage- 
ment, for each sub-section having the cK jg e of 2(K) earth-closets ; 
labour of two men for three hours per diem, 3s. ; cart and hc»rses, 
ditto, 4s. 6d ; quota of rent of sheds, 6s. ; toUl, 8s. ; annual ex- 
penses of the 500 sections, 623,250^ ; and lialance of profit on the 
lowest estimate, 1,476,7502. Supposing that 7s. a-be^ was given 
to each person in every habitation for this refuse material, the 
amount would be 1,050,0002. : heaving a balance to pay^for pails 
and management equal to 426,7502. After referring to the various 
arguments which bad been advanced for and against the system of 
utilising sewage, the lecturer concluded by stating that the follow- 
ing were the propositions he bad arrived at» after considering care- 
fully the whole question: 1st. That the vefose organic matter 
cast free in human communities, is of an immense amount ; that 
it is of great value if well applied, but that it is a source of great, 
varied, and increasing evils to the pubUc health if ill applied, as 
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well ae a great drain on the resources of the wealth and food of 
the people. 2n<L That the present mode of dealing with the 
refuse organic matter foils to utilise it ; but» on the other hand, so 
mixes it up with the first essentials of life and health — via. the 
air we breathe and the water we drink — as to lower the standard 
of vitality, to produce much general disease, and to convey epi- 
demic poisons in the most fatal and wide-spread manner. 3rd. 
That the mode referred to (that is, the existing sewerage system) 
is an error from beginning to end, and is incapable of any satisfac- 
tory improvement 4th. That the employment of earth for absorb- 
ng, de^orising, and utilising the material in question, applied 
on the principle of detail, affords a complete, practicable, and 
highly profitable method of accomplishing all the objects Of the 
sewage system.’ 

Though there is no doubt of the truth of the concluding 
remarks in the above quotation from Dr. Hawksley’s paper, it 
requires but little shrewdness to see how utterly erroneous his 
estimate is, for bringing daily into town, according to his own 
data, 18,000,000 lbs. of earth for the closets, and removing daily 
23,250,000 lbs. of compost manure back again to the country 
stations for frying and manufacturing it into powder. The entire 
conveyance would then amount to 41,250,000 lbs. of matter per 
diem over an average distance of say 6 miles; not counting tbe 
carriage of the earth from the surroiinding country to the stations. 
To give an idea of the quantity of earth required, it is sufficient to 
state that, supposing it could conveniently be collected from one 
farm, the top soil of a field of about 14 acres area would be needed 
per diem to a depth of 4 inches, making a total daily excavation of 
about 8,350 cubic yards. 

Taking Dr. Hawkslcy’s estimate of the ktock and plant required 
(which is, however, scant enough) to set the scheme in operation, 
the following outlay of capital would be required : — 

£ 

A, 000 cartu with harncHii and fixturen complft^, at 20/. f»ach 100,000 


10,000 horKeH at 40/. mv\\ ....... 400.000 

1.000. 000 aarth-oloHota at 2/. each* 2,000.000 

2.000. 000 paiU at 2m, each 200,000 


600 atAtionH, containing each etable room for 20 hormw, 
furnace fixtures for kiln tliying the eurth and the 
manure; room for manufacturing the hitter into 
powder, nailptoreage room for 1,000 pails, at say 
6,000/., laMling cost of grounde . . 2,600,000 

1 central d^p6t, with ofiScee fur general management, 

contingencies, Ac 10,000 

Total capital required .... £6,210,000 
An estimate of annual maintenance and expenses stands as 


follows 

£ 

а. --IiiterNrt on eapital of 6,210,000/., at 6 per cent. . . 260,600 

б. — Henewal fhod of stock, suppoeing tbe carts, horsee, and pails 

to wear out and require iw-parchase once in 10 years 

«» MOth of 700,000f 70,000 

e. — ^Horee-ftMd, sbodhSiaiid toimy lor 10,000 hones, at 50/. per 

a nnum each 600,000 


Guriefl Ibnrsid . £860,600 

* This price is taken from the oompanyV prospectus. 
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^ t Ibnrard £830,500 

lAbonr of kilii‘<dn*iiig 8.000 ciibio jardR of eiirth, and 10,787 
cubic ^*ard« of oiunuro. making a total maMi to manipulate of 
18.787 cubic yard* of matter per d^% including diachaitnng 
paila and carta, turning the maaa over, working it, reloading, 
coat of fhel, and aU expenaea connected therewitlt, at ila. per 


cubic yard 685,785 

e.— Labour of 1 0,0i>0 men tlrirtng carta, 5tc., 2a. emdi [>er day,* 

m l.OiUW. per diem for all 865,000 

/.—One general manager . 1 ,500 i 

Two atiaiittJint managers 1 .500 | 

One treasurer . . l.OOO [• 56,000 

Ten clerks at 200/. . 2.m»0 

500 station managers at 100/. 50.000 

Taxee, insurance, Uglit, and all sorts of Cimtiugtmcios . . 62,775 

* Total annual expenditure . . . £2,000,000 


Supposing, now. that the earth ul wavs can be olttaiued gratis, 
that the Oimiers arti willing luiul thr earth from tlieir 
farms to the statiotis. and the tMni|»oM ba»‘k a;:ain, and art* 
willing to ]uiy at the rate of to^.f |a'r annum {H*r he^id of 
population fur a manurt^ which hoLu four (tarts valueless 
matter against one |mrt fertiliser, then the pretetH'ds of the 
sale of the Metro|>olitan St'wogf* would amount, for 3,000,<hl»0 
inhabitants, to 1,500,000 


Showing a clear annual loss of • . £ 5<to.ooo 



This gives rather a different result from the saujrtiino oaU 
culation of Dr* Hawk.sh*y, which prontises to yitdd to luteh eiti- 
zeu 78. for his excreta, and to leave hesides a haialsome annual 
reserve of £4*26,750 for pails aud mami^ement. In addition to 
the yejirly cost of half a million sterliuj' incurred for the treiuhlo 
and labour of conveying; the top-8oil of a l4-aere farm daily into 
town for the citizens to manure it, and carrying it away aptin, 
there is another objectionable ft.»ature, whieh itself is enoug^h to 
condemn the scheme, nRmely, the ^reat nuisance of that number 
of carts in the alreatiy over-crowded stn^ets and thorouf^hfares, stop- 
ping before tlie houses in daytime for the revolting exchange of 
pails, and blocking the road up at tlie same time4 

In connection with Mr. Moule’s chamber contrivancfj we may 
l>riefly mention another one, ‘Mehlhose’s Air-closet,’ ctunisting 
of a commode or settee somewhat like tliat of Mr. Moiile, hut in 
which the solids and fluids are separated by a strainer; tlu! forrnef 
part is then strewed with a disinfecting powder by the mechanical 
action of the seat, while the urine is alliwed to run off info the 
nearest drain or house-pipe; or, in the absenct; of such, inhi a col- 
lecting basin, which is emptied by hand, while the gases evolved 
are conducted by another pipe into the chimney, or direct to the 
roof of the house. 

The principal objections to this contrivance, which is in every 
way inferior to Moule’s Earth-closet, are, the utter waste urine, 
a most valuable fertiliser, the continual expense of disinfecting 
powder, and the fact that such a chair cannot be moved, being 
fixed to a waU by two zinc pipes, one carrying off the urine, the 

* Theta extnardinarily low wages are taken from Dr. Hawksle/s estimate, 
t Instead of Dr. Hawksley’s price of 14s. per bead, wmJ||i.Te preferred the raluc 
eetablisbed by the most eminent agricultural chemists of Clia%y (see p. 75). 

t The editor of * Eogioeering,' in a leading article of the liii{Rwion of April 5th, 
1867, npon the subject of Menstes* lystem of drainage, makes the following remark 
about MooJe s scheme : — * As to the earth-closet system, the report of the Berkhamnsted 
Committee may be taken as the requiem of that preposterous prqject, its alleged 
auoecis beu^ both equhroeal and partial, and ita admitted ineonrenieneea rerj greaL* 

H 
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other allowing the gases to escape through the chimney or roof of 
the house* 

8* Srfftkm Mosselhak. — T his process having acquired a certain 
reputation, especially in France and Belgium, we shall have to 
describe it a little more in detail* It converts excrements into 
substances called by the mysterious names of ^ chaux animalis^e/ 
(organic lime) and ‘chaux supersatmee d’urine’ (lime super- 
saturated with urine), and is undertaken by ‘La Cumpagnie 
Chaufoumi^re de TOuest,’ of Paris, and ‘La CJompagnie de la 
Vieille Montague,’ of Belgium, both under the supervision of Pro- 
fessor Mosselman, acting under the title, ‘ Administrateur des 
Credits Agricoles.’ Let not these sonorous appellations impress 
us to such an extent as to prevent a critical examination of this 
process, which operates also under the all-claiming motto, ‘ Salu- 
brity et Agriculture.’ It employs ‘ fosses mobiles du syst^me 
diviseur,’ consisting of four zinc barrels with iron fastenings, each 
40 centimetres in diameter, and 70 centimetres in height, one 
placed above the three others. This top barrel receiving the 
excrements as they fall from the privy or house-pipe, has a per- 
forated zinoi partition for separating or draining oiS* the watery 
part into the three remaining barrels, standing so low that their 
tops are on a level with the bottom of the ‘ diviseur,’ or upper 
barrel. The lower or urine barrels are filhHi with pulverised quick- 
lime, that is, burnt unslacked lime, which absorbs the fluids as 
they enter, and gradually converts the whole ntass into hydrate of 
lime. 

Lime is an oxide of calcium, to slacken which requires one 
atom of lime (28) to one atom of water i9), making 37 for the 
atomic weight of dry hydrate of lime. Thus to 28 lbs. of quick- 
lime but 9 lbs. of water are required to produce 37 lbs. of slacked 
lime. More moisture would not be absorbed, or at least not re- 
tained, but would pass off by evaporation, whilst less moisture would 
leave some of the quicklime unslacked, that is, unutilised. 

When enough uriue has passed into the three lower barrels, 
which can only be determined by frequent inspection (how 
pj£a8aivtf\ all the four barrels are removed and emptied. Some 
of the hydrate is mixed with an equal quantity by weight of the 
solid fscces collected by the ‘diviseur,’ and this forms then the 
wonderful ‘ chaux animalisee.’ The remaining hydrate is like- 
wise mixed with an equal quantity by weight of pure urine, which 
combination is the no less celebrated ‘ chaux supersaturee d’urine.’ 

From these data it is easy to calculate what quantity of lime- 
stone is required for this process. On page 74 we have seen the 
daily excrements of an average individual to consist of— 

0-24 lb. J 

Vbl „ urin® 

r;5 „ mixed excrements. 

Giving for 1,000 persons — 

240 Ibt. fccM 

1,610 n arine 

1,760 t* mixed exacemeiiU. 
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require an equal weight of hydrate compound, as before stated, 
of 9 parts of urine and 28 parts of lime, so that 


58 Ihs. urino 

182 M Itmo 


240 

tofsf'tlier with 240 
form 480 


hyitrHt« 

ckmui 


Now. dfKiseting from the original 

the quantity here alieorbed . . . , 

1.510 Iba. urine 
58 

we hare atUl leU ...... 

from which we further denluct. fur hydrate 

. 1.452 

284 

i balance of urine of . 

1,168 

To this wo odd urine, 0 |Mirte 

lime, 28 ..... 

. 281 IbM. 

. 884 

forming hydrate t»f 

. . 1.168 

and clmux eupcrsatuivo 

2.336 


Thr oripnal 1,7»)0 Ilia, dnily exi'rrmciitii tif 101 
with 1,000 „ linuMici itbuvo, 


H> {H^rVODK, 


jicld thufl 
Namely ; — 


2.HI0 „ manure 


48(» Ibjt. rhaux animalia^*, ninUuniiJf: 182 lha. Uim^ 

88* „ 


2,816 nmnuro (x»iitiunin|i^ 


1.000 


Hliowinjjf a djiily consumption of IjVoo per averaffe indi- 

vidual* 

A city like Paris, with some 1,7(W),()00 inha!)itant«, would there- 
fore? rtHjiiire, in 3f>o thiys, not less than 6(50, 000, (MK) llw. or 
330,0(K) tons of lime, § (|UHntity ho enormous that, in point of 
costlineHS of transport, the M<»88clnian systtun seems to bo nearly 
218 bad as sewerage by water-carriage, or Moule's t?arth-clo8et 
scheme. 

Suppose, for a moment, tliis ill-favourt*d method were universally 
adopted m a country, what limestone cjuarries could possibly satisfy 
the fabulous demand arising, in addition to what is always needed 
for building purpcises ? Besides, many citicis being a long, often a 
thousand miles, distance from such quarries, what a fearful cost 
would l>e incurrtHl for transporting such enormous quantitios of 
lime towards a town, and then, with the additifinal bulk of ex- 
crements, back again to such lauds as might perhaps net?d, or could 
possibly use, this particular kind of manure! We here pause for 
an answer, but dr>ubt whether we shall ever get it from the pro- 
moters of this abortive scheme, wliich somehow or other seems to 
have acquired a much higher reputation than it really deserves. 

W^e need but remind the reader that many soils are already in 
a great measure made up of limestone drift, and therefore cannot 
bw a further addition of this mineral without detriment to their 
productiveness, the most fertile lands containing but four to five 
per cent 

The action of lime upon excrements is well known. It readily 


* The above tbeoratieal eotimate doee sot allow for lose of lime daring the traaiiport : 
if thie he takim into aeeoant, the amoaot of Itote anaiiaUy reoaired by the M^mtniin 
syatem may be eetimated at 3 cubic feet. wet|^i^ aboot 400 Iba, per bc^ of popola- 
tMm, — xeaUy an enormone quantity for large eitiee ! 
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uaites with the carbonic and phosphoric adds contained therein, 
forming insoluble compounds with them, whilst at the same time 
it allows ammonia readily to escape into the air. Now, we ask, 
what crops could possibly be benefited by a manure which over- 
doses the soil with one mineral (lime), locks up the most important 
ones (as, for instance, in phosphoric acid for cereals) in such a 
manner that the roots cannot al^orb it, whilst another main fertiliser 
(ammonia) is rendered so volatile that even the barrel in which it 
is evolved can hardly prevent its escape ? 

Here we have, then, an invention to which some twenty medals 
in gold, silver, and bronze have been awardfd in F'rance, Belgium, 
and England ; and for what ? For manufacturing, at a frightful 
expense, and in a manner most troublesome to the inhabitants, a 
sort of * stinking mortar,’ which in seven cases out of eight cannot 
be made at all for want of lime quarries wdthin practicable reach ; 
which, when made, costs more than the real value of the fertiliser 
obtained ; and which, when put on lands, in ninety-nine cases out of 
a hundred is ^pt to do more harm than good. 0 aaiicta siviplwitas ! 

It appears to us that we cannot do better than quote here the 
criticism of Professor Thudichum on the Mosselman system, as 
found in his paper, * Ueber die Grundlagen der bffeiitlichen 
Gesundheitspflege in Stiklten,’ read before the Agricultural Society 
of Frankfort-on-the-Maiue, June 8, 1865 This learned gentle- 
man, a most skilful analyst, who has devoted much attention to the 
sewage question, and is therefore an undoubted authority upon the 
point in view, gives vent to his feelings in the following fashion ; — 

* Seeing that the Mosselman system has also here (at Frankfort) 
found several believers, I cannot refrain from saying a few words 
concerning it ; otherwise I would not )yaKte a breath upon a 
process which is as disgusting as abstird, and as expensive as 

fruitless In tlie basement of buildings vessels are placed, 

mode of zinc, a metal sooner than any other attacked by the 
acids and alkali contained in the urine. The excrements are 
received in one vessel and the liquids drained off into the other, 
standing lower and filled with quicklime. In these latter vessels 
the mystery goes on, which, in Mr. Mosselman’s imagination, 
converts the mixture into chaux suporsaturee d’urine.” Wliat 
really occurs is this : the water and phosphoric acid are absorbed 
by the lime and made insoluble, while the **hamstoff” (urea), an 
ingredient most valuable because it forms carbonate of ammonia, 
remains soluble and free, and is sure to escape as soon as exposed 
to the atmosphere. It is for this reason that the vessels employed 
in this process constantly exhale not only ammonia but all sorts 
of other disagreeable smells ; and Vben the lime is saturated with 
urine, the fertilising ingredients of the latter are diluted by the 
former and have become volatile. • . • The gentlemen managers 
of the Limebuming Company of the West ” have found a way 
to dispose of their stock in ti^e ; but as the citizens pay for it 
in the first place, and also for transport to and fro, why not let 
them rather pay for the whole establishment ? ’ 

Professor Thudichum here gives an estimate of the enormous 
amount of lime required, corresponding with our own, after which 
he continues as follows : — 

^ How many railroad officials and freight cars, how many horses 
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and waggons would be required to keep this system going ? . « , « 
Surely I do not think that anybtxly but one who has his money 
inTested in a limekiln will ever become an advocate of the 
Syst^me Mosselman.^ 

This is what Professor Thudichum says, and we fully believe he 
is right 

9. Profkssok THt’DiciiUM’s *Stsekm.’ — >^Tiile having Professor 
Thudichum's paper in hand, it will not 1 k^ amiss to mention a 
sewerage system of bis own invention, as there described. In 
doing so we meet, however, with this difficulty, that we cannot by 
any possibility make«out, considering the strange whimsicality 
of the plan proposed, whether the learned Professor is really in 
earnest or not. The stitirical tone of his remarks upon Professor 
M<»S8elinan's system and other subjects, however, leads us strongly 
to suspect that he is only gravely joking in proposing the following 
curious arrangement : — 

According to bis idea, the watercloset-basin is to be divided in 
such a manner that, on usag(% the si»lids are dropped into one 
compartment and the fluids into the otlier, the first to find their 
way with tlie water used into the street sewers, whilst the urine 
is to be conducted by a separate pipe into a conduit Tmilt for this 
special ptirpose inside the street sewer; a sort of a * wheel within 
a wheel.’ The reason for tldsnovtd separation, it seisms, is, that the 
solids containing but 15 per cent, and the urine 85 pi‘r cent, of 
fertilising iugre<lients, they are not fit to flow off in each other’s 
company. 

At tile mouth of the sewer the thus isolated solids are again to 
be collected in large op<*n basins by means (»f strainers, whilst the 
urine is drawn into bartels and sold as inanur**. We are left com- 
pletely in the dark why the 15 per cent, valuable fertilisc^rs con- 
tained in the solids should be allowed to run to waste and pollute 
rivers, and what is to be done witli the residuum of filth remaining 
in the basins, unabsorbed by the irrigation scheme proposed at 
the same time. 

But it is evident that from the very first start an exceedingly 
nice adjustm(*nt of position is required by the individual using 
this * system,’ as by the least carelessness in this respect the 
solids Wcorrie lodged in the wrong cornparlJiient, choke the urine 
pipe, and tluTeby upset the whole scientific aiTangemeiit ! We 
repeat, the professor cannot have been in earnest in placing his 
fellow-creatures in so responsible a position, but was merely making 
a little fun of the city of Frankfort, which at the time of his lec- 
ture was ventilating the insane project of polluting the river Maine 
by its entire sewage.* 

10, Saxon Guano and Bi^ood Poudbettb. — Another attempt to 
utilise excrements undiluted by water has been made in the neigh- 
bourhood of Dresden, under the auspices of the chemist Dr. Men- 
droth, who invented and patented a certain article called ^ Saxon 
Guano,’ produced in the following manner : — 

« WehET«bMnmiiehtmiisedtolemthBtUiepso(bforliat]»tentodUiiiSiT«iig*« 
VMait PerhafMi to keep up the jdM. 



flepwAtdIy on tbe me wahtsM^i to « 
diy iiit31atio!i, through which Kgfat gas and aminoiiia were gene- 
rated* The residue of the first-nam^ subsfcaaoes was coal, s^ of 
ilie second, conoentrated urine called * urat’ The coal was pul- 
▼erised and served to dry the k>lid excrements, fixing or binding at 
the same time the gases contained therein, and forming ‘cloaka- 
powder,’ which, when mixed with the * urat ’ and sulpfa^ of am- 
monia, compost the so-called * Saxon guano.’ 

But, though a good fertiliser was made, tbe expenses proved 
greater than tbe value of tbe article product, and the aiterpiise 
totally failed, like all the others we have already described. Tbe 
buildings and fixtures were then leased to another contractor for 
about 601. per annum, and the charge of emptying gratis the 
shareholders’ cesspools, all other citizens paying 2d. per cubic foot 
for this service. The excrements collected are now partially drained 
of their liquids, and spread out in open yards to dry by closure 
to the air and sun, to assist which, and to prevent somewhat the 
escape of gases, the mass is occasionally treated with a little quick- 
lime and sulphuric acid. When dry, blood from slaughtering- 
houses is mixed with it ; it is then dried once more, pulverised, 
and sold at' the railway station under the denomination * Blooci- 
Poudrette,* for about 3s. 6d. per 100 lbs. without tbe bag. Analysis 
has shown this manure to be composed as follows: — 


NitmpiPn, per cpnt. 

8-65 

Opganii* 8ubHtiiiu'«8 

46*30 

PhoHphiito of limp 

14*16 

Potiuih and aoda . 

fi*42 

Silica, &c. . 

30*r)7 


f Ioo*(»o 


Tbe liquids are collected in large tanks, then partly sold as manure 
for Is. Sd. per cubic foot, or mixed with strc^et scrapings and then 
disposed of as compost for la. 2(L per cubic foot. 

Here again the expenses of manufacture are much too high, and 
this enterprise would also utterly fail, were it not for the charges 
for removing excrements, which for a family of ten persons amount 
to 16s. Bd. per annum. 

11. Eicbhokn, Koder, and Thorwirth’s System. — There is one 
more system of removing excrements by transport which deserves 
our attention. It is that of Dr. Eicbhom, professor of Agricultural 
Chemistry at tbe Royal Institute of Berlin, and of Mr. O. Roder, 
royal inspector of Hydraulic Works of Prussia. These two most 
talented gentlemen, with Mr. C. von Salviati, royal councillor 
and g&ieral secretary of the College of National Economy of 
Prussia — ^formed a commission of three, charged by Mr. von 
Selchow, Prussian minister of Agriculture, with making an in- 
quiry concerning *the best mode of removal and utilisation of 
sewage.* The result of their joint labours has been published at 
Berlin in 1865, under the title *Die Abliihr und Verwerthui^ der 
DimgstofPe.’ 

The system proposed by these gentlemen is practically the same 
as that advocate by the late Mr. William Thorwirth, civil engineer 



0f who abo puUUiod m tamtbe on the eahjeet* oontaiiiiiig 
modi my iotemting iidometioii, but prindiMiUy deTOted to in 
utter eQiiudeiiiiiitio& of the neftiioiis aewerege lyetem by water- 
oirriage* 

Hie gentlemen named recommended the use strongs 

wooden barrelfi, so arranged that they can be fiiatened air-%ht to a 
privy pipe. The excrementB are dWborged into themi mixed ai 
produced, until the barrels are ftill^ when, by a simple oontrivinoe, 
they are closed and transported by railroad or otherwise, direct to 
the farmers, who return them empty, asking for more. These 
barrels are really inoffensive, and may be conveyed, like any other 
merchandise, provided they are kept out of a hot sunshine ; other- 
w4s6«they are apt to leak, or even burst, by the action of tlie gases 
evolved. 

In this simple system much good common practical sense is 
manifested, these gentlemen knowing what they were about, and 
having evidently, like us, come to the eonclu8ion,that the straightest 
way IS the best, and that all elnunienl doctoring, scientific handling 
and fussing about such u peculiar article as hutniyi excrt^inents, 
only increases the expense, while it diminishes its iutrinsie values 
nothing being so advantageous as tc» couwy it in the shortest and 
(juickest way to the place where it belongs, anti ^lere it is so 
much needed, namely to the farmer's domain. Hut this system 
also, und(*ubt<‘dly tlie bi'st of all hitherto proposed, has thr(*e 
grave faults, wlii(!h r<-ally make it almost worthless, and must fc»r 
ever remain a hindrance to it>: general luloption. 

First , — It is next t(> impossible to ascertain when the barrels are 
filled, unless by m*tnid inspection, which muHtlK% of cours<% a great 
nuisance. When the barrels are not full, and the boimdiolder is 
told to go on ‘ filling,' 4ln* chances are that it may Ik? overdone, and 
a large < I mint ity may remain in the pipe above the valve, when such 
a barrel is unscrewed for removal ; which is also a nuisance, and no 
small one indeed. When, on the other hand, a barrel is not cpiite 
full, there is room for air to enter and promote fermentation, 
thereby increasing the danger of hiaknge, or even explosion. 
Besides, tb«*re is the dead weight to be carried of a barrel only 
pjnrt hilly filled. 

iSecomf. — Jake all other ‘ Tunnen ' or ‘ Fosses mobiles ’ systems, 
this one has alst) the great and insurmoiintabh* ohjection, that, by 
their very occu|>ation, a repulsive set of op<Tatives must frecjuently 
enter dwellings, t<i ‘ insjH*ct,* remove, and rephice barrels, the 
very idea of which creati*s nausi«a in sensitive natures. If the un- 
pleasant business is done by day, a numlK^r of waggons required for 
the purpose continually interrupt and obstruct the other traffic in the 
streets and tboroiighfares. If done at night, the bustle and annoy- 
ance of men entering a private dwelling draws only so rnttch more 
the attention of the inmates to a ^ great nuisance,* and more or 
less disturbs their repose. If the receptacles ore made very large, 
fermentation ensues through lo^ standing ; if small, frequent in- 
spection and removal are unavoidable. 

TkirdU — This system provides no other plan of utilising excre- 
ments than the very ohUfashioned one of spreading them over the 
surface of the land ! Now, treating barrels of fermenting matter in 
tViifl mflnnftr liter llv * mutin^r to the winda ’ th^^ moat v*lo' W# 
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gases they contain, which will escape the very moment a barrel is 
opened. This explains the almost overpowering stench infecting, 
in a very short time, a whole neighbourhood, wherever excrements, 
confined in a state of fermentation, are suddenly exposed to the 
air. Sulphureted hydrogen, always evolved in great volumes by 
putrefaction, and readily known by its peculiar fcetid smell of 
rotten eggs, is unhealthy in the highest degree, causing invariably 
much nausea, vomiting, and lament fevers. 

It is idle to maintain that this last evil can be remedied by 
forming compost manure heaps upon the open field. 

As long as excrements have not yet pas^ into fermentation, a 
little earth will suffice to disinfect them, ^specially when it is fine 
and dry. Thus, with Moule’s chair, 3^ volumes of earth are 
found to effect the purpose, absorbing both the liquids and the 
gases evolved by the solids. But such a small quantity of earth, 
or any other disinfectant, is quite inadequate, when fermentation 
has once set in and rendered the gases volatile, as is proved by the 
constant smoking and horrid stnell of compost heaps. 

To prevent Jihis noisome escape of gast^s, at least some 20 to 25 
volumes of earth would be required, depending upon the nature 
and dryness of the soil. The expense of carr^dng to and fro such 
large quantKies of earth would again exceed the value of the 
manure produced, and furnish the same poor financial result as all 
the other attempts to make compost messes. 

Nor is anything gained in a sanitary point of view by allowing 
faecal gases to escajKJ in the open country instead of in towns, in 
the hope that such dissipation would render them harmless. 
When the atmosphere becomes charged with these noxious gases, 
it depends entirely upon the wind in which direction the diseases 
they entail are to be spread ; and as from any given farm, almost 
at every point of the compass, a town is located, it is absolutely 
certain that the fatal result will be felt somewhere. As an instance 
we may quote the well -ascertained fact, that places on the coast 
of England are often visit/cd by the marsh-fevers endemic in Hol- 
land, whenever the wind from that quarter has prevailed for a 
certain length of time. 

Besides, it must be remembered that ammonia, siilphuret of 
hydrogen, and similar gases are readily absorbed by water, and 
consequently taken up by the moisture of the atmosphere, only fo 
come down again with the rain, which, when evaporating from the 
surface of the streets, brings the aforesaid gases almost imme- 
diately under the noses of the townspeople, to be inhaled by them. 

It thus appears that even this plan, as we have said, by far the 
best of all hitherto attempted, tot^ly fails to accomplish the main 
object of rendering human excrements useful instead of detri- 
mentaL * 

12. SswERAGB IN HouANB. — We must not conclude this part 
of our treatise without saying a few words about the sewerage 
arrangements of Holland. To understand these well it is neces- 
saiy to bear in mind the peculiar situation of the towns in that 
countiy, which in many places is so low, that there is no natural 
drainage at all, the rain invariably inundating it, unless steadily 
removed by mUlB or pumping engines. 
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Besides, as we have already mentioned, medieval architecture was 
almost exclusively governed by principles of warfare and religion, 
utterly regardless of sanitary considerations. Thus nearly every 
town in Holland was originally laid out only with a view to suc- 
cessful defence — a prcH^aution but too necessary in a country which, 
by the unsurpassed fertility of her soil, and the industry and cum- 
merciid enterprise of her citizens, soon became so wealthy that all 
surrounding potentates constantly yratched her with greedy ©yes, 
repeatedly trying to subjugate her, under pretext of religious con- 
version or political necessity. 

This permanent state of defence against foreign aggression re- 
quired, on the part, of the Dutch people, ni»t only uiiceasing 
w*atcbfu1ness, but also various measures calculated insure their 
safety and independence, even against overwhelming numbers. 

For this purpose the towns were mostly laid out iu concentric 
circles of broad ditches or canals ; tus for instance in Am- 

sterdam, barely a hundred yanls distant from each other. The 
bridges uniting the antiular slips of lands were so constructed as to 
interrupt ccunmuuicatitm at a moment's notice ; the bouses built 
on these slips being set bjwjk stone thirty to forty feet, so that most 
streets have a hrojul canal on one side. 

That these canals, under existing circiiinstancesi fiaturally be- 
came the receptiicles of all kimls <»f refus<‘, is easily umlerstotKl. 
The vertical privy pi[>eH all discharge into sewers running from the 
housi^ into these canals in front of them, with their outfall about 
level with the water. 

The sewers are, theref(»re, always entirely or partly filled with 
water, through which tiu* ex<Temerit-s slowly descend into the 
canals, having tlms convertisi them long sinc(‘ into large open 
sewers. The Ihitch in Spriner times knew as little as other nations, 
that the li(juid parts of excrements are far more valuable fertilisers 
than the solids, but considered thorn as mere dirty water, which 
somehow or other must be got rid of, whilst the scdids alone were 
used as manure. 

But as this extremely clean people wash all and everything, so it 
seems they also wash their * solids’ before using thorn as manure; 
for they actually dredge them out again afterwards by means of 
scooping nets, and then convey them in boats to their lands. 

The very little agricultural value of this stufl’ was never for a 
moment suspected to be the natural consec{uonce of this most 
unnatural wiishing ! 

The stench, the nauseating stench, continually arising from these 
Dutch canals can hardly be imaghml. As the want of natural 
drainage makes the change of water so very slow, that to all 
intents and purposes it may be considered stagnant, the oxidation 
or combustion of putrefying organic substances goes on quite un- 
disturbed, so that the deadly gases evolved may be constantly seen 
bubbling up to the surface, especially in summer time, when a 
powerful sun assists the process of fermentation. 

The effect of this state of affairs upon public health is of course 
most deplorable. Every kind of disease due to marsh miasma is 
endemic in Holland, such as neuralgia, rheumatism, chills, in- 
termittent fevers, enlargement of the spleen, enlargement and 
hardening of the liver, dropqrj pleuritis, and all sorts of chest 
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inflammatioiui; and many of these distempers prove so veiy ma- 
lignant as to kill in a short time. Besides, there are the ever- 
reeurring visits of epidemics, such as miliary fever, scarlet fever, 
measles, typhus, small pox, and last, but not least, cholera^ which, 
when imported from abroad by some unfortunate mariner or 
traveUer smitten therewith, at once finds countless victims amongst 
the inhabitants of that country, who, by breathing an atmosphere 
so very congenial to that fell d^ease, are, day by day and year after 
year, preparing their whole bodies, lungs and liver, blood and 
fibres, like so many mines only waiting the fatal spark. 

Is it surprising, then, that only a short time ago cholera again 
made sad havoc through the length and breadth of the Nether- 
lands, otherwise so prosperous, robbing many a city of a teqth of 
its population, and bringing death and desolation to almost every 
household ? 

Not surprising at all For the Dutch people, whose devotion 
to habits of scrupulous cleanliness is proverbial, who continually 
wash all and everything, down to their very excrements — this people 
omit, Strang^ to say, to keep unpolluted that which compasses 
them about everywhere, the atmosphere they daily breathe, in 
which they move and have their l>eing ; and thus, with all their 
ablutions, tlwy in the end fare not a whit better than other people 
wallowing in filth. Happily, there exist yet means to avoid these 
fearful evils, as we shall presently demonstrate. We have no doubt 
but that this highly intelligent people will speedily adopt the remedy 
alluded to, which H.H.H. Prince Henry has favoured with his 
approval and protection, and to which the city of the Hague is 
now about to give the first trial. 

13. Sewerage in Kelgittm. — Bi»lgium having a denser popu- 
lation per 8<piai'e mile than ulmc>st any othfi* country, and meeting 
on that account with so much greater difficulties in her sewerage 
arrangements, it may not be witliout interest to consider what has 
there been done in that respect. 

Antwerp, with some 117,C)()0 inhabitants, still contents itself 
with good old-fiishioned cesspools, with Mestdagh’s pumping process 
for removal, the whole business being under the control of the 
municipal authorities, who manage to draw an annual revenue of 
some 4,000/., b}’ selling the city manure to nciglibouring farmers. 

Li^ge, with a population of 100,000, rejoices in a mixed sewer 
and ash-box system, having formerly bad many canals which re- 
ceived all the excrements from the bouses near them, quite on the 
Dutch plan just described. In the last few years, however, these 
canals have been arcbiKl over to gain room for streets, and have thus 
been converted into regular sewers, which, conducting the noxious 
g^s evolved directlj’ into the dw'ellings through the house-drain 
pipc^, soon became an intolerable nuisance. A plan has been 
proposed to lead river water through these sewers for flushing 
them ; but the example of many cities in England and elsewhere 
sufficiently shows that no cure of the evil can be effected thereby. 
Other houses in Li^ge, not in communication with the sewers, 
empty their excrements in boxes, receiving also the ashes, &c,, 
somewhat on the Manchester plan, and selling the compost as 
manure; a most untidy, disagr^ble arrangement, loudly calling 
for improvement. 
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Ofltend, G^ent, Loavaiiiy Moii8» and other towns have various 
removal systems, subject to excellent police regulations, but all 
based on the faulty cesspool and pumping principles, and therefore 
subject to the many grave objections elsewhere jointed out. 

Brussels is alxmt to undergo extensive changes in her drainage 
system. This beautiful dty, the jiopulation of whicli will in a 
short time number half a million, is piltni up on the two slopes of 
a deep valley, betw<»en w^hich the little river Senna has its natural 
bed. This stream divides the city in it.s cour^» from the south-west 
towards the north into alnmt equal halves, and, m^eiving nearly its 
entire excremental matter, resembles a huge open stwer. The 
habitual sciircity of vver water caiis<*s the only liquid which tills 
the s^hannel to l)e that pri>cetHiing from waterelosc^ts, with which 
nearly all the houses are provideil, the town having ample water- 
works. The stream has thus beco!ne the source of all sorts of 
malaria. At the same time, the numerous manufactories along its 
iNiuks, after sudden thaws, continuous rains and storms, prevent 
the accumulated waters flowing off, so C4msing dangerous inunda- 
tions. Thtise two Iwui fiiatuns are the cause of iliejivntre pttrtiou 
of the town being inhabited b}* tliose of the labouring classes only, 
whose scanty means compel them to seek cht‘apness instead of 
health. • • 

To impn)\e this state of affairs, the corporation 1ms deci(h*d 
upon large works, which will include the pr(»sorvati<»n (»f tlie river 
from the danger of inundation, the purification of the part which 
passes thnuigh Brussels, and at the same time the sanitary im- 
provement and embellishment of tlie heart of the Belgian capital, 
iiringing air and light into unhealthy streets and dwellings. For 
the latter purpose the river is to be straitened and arched ov<*r, 
and a broad bon levard#.’onst meted over its entires lengtli. ^iUTid 
main drains are to \ h ' constructed, to inlerci'pt the coutenta of the 
city sewers, and these will <lisclmrge into large resiTVoirs outside 
the town, for (hiodorising and collecting the manure. The inhirior 
houses each side the future boulevard are to be pulled down, new 
ones of a superior character built, and also a market-place, a 
monumental fountain, and a large edifice erected, which will be 
at once a hall of exchange and a mnscuun for artistic exhi- 
bitions. The (^timati^d cost of these works is twenty-six millions of 
francs, of which the city contributes sixt4Hm millions, the province 
of Brabant three millions, and the general government seven 
millions. The king laid the first stone, May (i, lHfl7. 

The works are lieirig carritnl out by the Belgian Public Works 
Company (Limited), to which the municipal council has granted 
the concession, including the right to the town sewage for a period 
of sixty -six years. 

The project is a magnificent onc^, and will, no doubt, greatly 
enrich the company, with the valuable frontages for traffic, busi- 
ness, and residential purposes, a(x|uired on the boulevard, in 
addition to a free grant (fee simple) of all town and suburban 
land obtained by diverted streets, open public places, and closed 
river courses. 

But it is also evident that Brussels, with an outlay of 640,000/., 
and a yearly loss of 200,000/. worth of manure (supposing the city 
to hold 400,000 inhabitants), obtains only a few public buildings 
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and tbe nw of some new wide streets, while * the stink’ (we use 
the exp r e sB U Mi of the chief sewer engines of London, as see 
page 54) will issue forth from the new main drain, which is to be 
built parallel to the Senne, with the same certainty and regular- 
ity as it formerly did from the river^ and as it now does in every 
town which has been unfortunate enough to be persuaded into 
constructing such works. And this ^ stink ’ will, in its now more 
concentrated form, make the, beautiful new palaces more unin- 
habitable than the former lowly dwellings, keeping the centre of 
the Belgian capital just as much a hotbed of typhus, cholera, and 
all sorts of diseases as it ever was before. Nor will it be pleasant 
afterwards to reflect that the general government and the pro- 
vince have contributed additionally 400,600Z. to make this change, 
which, in comparison with the former condition of affairs, may be 
called a distinction without a difference. 

14 . General Summary. — Any one of our readers who has at all 
taken the trouble to follow our examination of the various systems 
hitherto in usf^ for removing and utilising human excrements (and 
we believe we have described them all), and who with an unbiassed 
mind has weighed the facts and arguments adduced in proof both 
of their merits and demerits, will surely long before this have 
arrived, like ourselves, at the conclusion that not one of these 
systems really answers the purpose in view, or even comes up t4> 
that degree of comfort and decency which may well be expected 
from tbe great advances made in our days in all branches of 
science, art, and industry. 

Baron Liebig very justly considers the consumption of soap by 
various nations a good standard of their comparative civilisation ; 
in our opinion, their manners and custornsi with regard to excre- 
ment al matters offer just as correct a gauge. Savages deposit 
their faeces anywhere, like brutes ; semi-cultivated people use some 
rude contrivance or other, partially sheltering from observation ; 
whilst the so-called civilised nations prefer closets and other 
arrangements for privacy, more or less perfect according to their 
comparative wealth and sensitivene«8. 

In fact, just as public morality forbids all indecent exposure, 
so true refinement is incompatible with the presence of any kind 
of filth, but more especially of that which is most revolting to our 
senses of sight and smell. We are not alluding here to the 
secluded wealthy few, but to tbe general mass of the people, 
forming from 70 to 90 per cent of the population of most 
countries. 

When city sewage is removed by water-carriage through sub- 
terranean drains, we have seen that the noxious gases evolved by 
fermentation rise up the inclined planes of these conduits, inva- 
riably escaping through even tbe smallest fissure they can find. 
We have further seen, that such gases as are still held in solution 
find their way surely enough through tbe best and heaviest 
masonry of cesspools and sewers, gradually infecting the soil and 
poisoning all neighbouring wdls, plainly proving that such 
arrangements offer no bar whatever to their fi^ exit. We have 
conclusively diown, that the only thing effected by water-carriage 
is to remove the sewage from the privacy of a closet into Ihe streets 
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and rivers, where deadly ezhalatioxis oontmoally force upon us its 
most disgusting presence. 

A similar result we have noticed with moveable receptacles of all 
kinds and descriptions, some being so very imperfect as to offend 
even the dullest sense of smell by their direct exhalations, whilst 
all of them affect our sight and hearing, whenever the too fre* 
quent process of inspecting, emptying, or removing goes on, be it 
by day or by night. * 

As regards utilisation of sewage, we have found the case to stand 
even worse.* We have si^en that the water-<*arriage system pro^ 
duces such an enormo^is volume of sewage, that it cnirneither be 
storej^ nor transportetl, but must in most tuises be lifted up by 
costly machinery, if it is to be applied to lands at all. We have 
seen that when, in exceptional instances, the mere force of gmvi« 
tation W'ould move the sewage, soils cun seldom be found adapted 
to such peculiar treatment, and tliat, even under the most favour- 
able circumstances, no cereals or garden vegetables are produced, 
except rice in hot climates; that most lands need rather drainage 
than irrigsition to prev(*nt their breadstiiff crops runftiiig to straw; 
that the only crop sew’age litpiid will raise, under a very rare com- 
bination of local advantages, is a sort of rank grtiss,,vjtich, though 
gniwn in great quantity, is of inferi(»r quality, not pnxlticing 
good rich milk, butter, clua'se, or meat; that even this meagre 
chance of utilisation is by n(» means to be tolerated wdthin the 
neighbourhood of human habitations, uiih^ss first treated with 
large quantities of carholie aeid, owing to the demlly exhalat ions of 
all water charged with putrefying organic snhstanc(‘s, <*specially 
when spread ovt.*r a large stirfaco of land with little depth, causing 
the evaporation to b(^ ^dy the nmre rapid ; that, even when snch 
irrigated tracts are far removed from towns, thcj atinosphen* will 
continually take up the noxious vapours and gases, carrying them 
by every gust of wind to some inhabited spot, to Is^oorne there as 
dangerous to human health m on the spot wln^ro first evolvixi; 
that, in fact, no surface application of s<!wage lic^uids should be 
tolerat(L»d on any part of this terrestrial glob(». 

We have further seen, that all rn<‘clianical and cliemical con- 
trivances to extract fertilising ingredients from sewage licpiids 
have utterly failed, because the residuum did not retain any of 
the valuable elements running to waste with the fluid ; or, if some 
were saved, that they vrere l^uiid up in such an ins(»lublc form 
as to be totally inaccessible f(»r the temler rootlets of the plants. 

It has also ay»peared that all movable re^ceptacles, or transport 
systems, have likewise failed to reduce excrements to an inoffensive, 
and at the same time profitable, manure ; that all chemical mixtures 
with other substances have only increased the bulk and diminished 
the agricultural value, or at least involved so great an expenditure, 
that the proceeds of the fertilisers manufactured did not cover the 
cost; that if excrements are retained even only a few days, fer- 

* Prof«Mor C. Cameroii in his work on ib«! ^ Chemieal Compofrition and 

Feitilifnng Value of the Sewajge of DuMin/ that Mr. Miller, on his gnuw farm at 
CraigeDtinny, which now oonsisU of nearly 2SO acres reclatmed from the sea, actnally 
uses the sewage from a district of Edinburgh inhabited by 80,000 souls. The rent of 
these meadows yields bnt 22/. per acre, whilst the total annual ralne of the manure at 
lOi. per head is 40,000/. ! l%e fertiliser used b, theiefore, wenth 100/. per acre, or 
neadj S timee more than the yield hy rent! 
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tibtty imwiably escape at the slightest exposm to the air. We 
htm seen that thin escape of gases through fenueiitatioii is the 
tnie cause of the great differeuce between the theoretical value and 
practical value of human excreta as produced, and the market 
price paid for the effete cesspool matter. All this appeared as 
so many potent reasons why all cesspools, all barrels, Wes, and 
other fixtures retaining excreiAents for any length of time, are 
utterly to be rejected, not only from a sanitary but also from an 
agricultural point of view. 

We have also found that the utter failure of all attempts hitherto 
made at utilisation of sewage has almost resulted in a disbelieHhat 
such a thing is at all practicable ; that, in consequence of this, 
nearly all excrements produced are thrown into rivers, harbours, 
and the sea, or otherwise wasted, the very few cities utilising their 
sewage in some shape or other forming as yet only a very small 
minority. 

On the other hand, it has appeared that human excrements have 
a very high vdSue indeed, containing as they do the very minerals 
indispensable to the production of new crops serving for our food, 
containing l^^^des also certain organic nitrogenous substances, 
greatly assisting in the l(»nnation of the nutritive elements of 
breadhtuffs and other vegetables, and evolving certain fertilising 
giises, which will largely increase the harvest, if only made to 
penetrate the soil instead of polluting the atmosphere. 

We have seen that the best authorities on agricultural chemistry 
value fffical matters at 10s. at legist as the annual product of 
an average individual, giving an iucretised yield of crops worth 
l,000,0()0i. for every nullioii inhabitants; a^national wealth, which 
as yet, in most countries, is nearly all wasted or utterly lost. 

We have found that, to make good this enormous loss, guano, 
bones, and other fertilisers are imported, and all sorts of tempo- 
rary make-shifts employed, involving a continual, serious drain of 
capital out of a country, and thereby considerably diminishing it^ 
national wealth. We have besides noticed, that the guano beiLs of 
Peru are newly exhausted, and Imve asked ourselves, What is to 
U^come of agriculture when this foreign supply of manure is 
finally cut off? 

Again, we have noticed that, in spite of all the capital continually 
wasted on these poor palliatives, the soil almost everywhere di- 
minishes in fertility, a given numW of acres yielding no longer the 
same produce they did in former times ; that this astounding fact 
is especially striking in the United States of America, a country 
acting, with regard to her agricultural interests, somewhat like a 
fast young heir, squandering in a very short time resources intended 
and sufficient to last him for his whole life. 

We have seen how bountiful the reward, if we obey the divine 
Laws of Nature, by applying to agriculture the most valuable 
mineral and organic su^tances daily ejected from our bodies, and 
how severe the punishment if we neglect to do so, and allow fascal 
gases, fluids and solids to pollute our atmosphere, infect our soil, 
and poison our wells. 

We have also traced the connection between these poisonous 
exhalations and endemic and epidemic diseases of every kind. If 
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the IheoriBB thweby prapoondad should not qidte agiee with the 
abstnot uotioos of maoy aleemed dootor deeply term in medkel 
Iwe,* who sasigns ell sorts of mysterious onuses for the origin of 
the distempers alluded to, seating them so deejdy that neither his 
medidne nor our understanding oan reach them ; why, we have 
only to say tiiat we prefer our actual observation and ^ dictates 
of plain common sense, which have invariably shown a polluted 
atmosphere and tainted water to 1)e everywhere the sure fore> 
runners of sickneas and death ; whilst our simple feith teaches us, 
that a beneficent Creator never intended pure air and undefiled 
water to injure our health. The laws of nature, which are His 
laws, are also in this connection so plainly written on every leaf 
of a free, on every atom that exists, Utat Uiey might well be read 
and understood by all ; but if, iusteiid thereof, we prefer to rely 
upon human wisdom, we are sure to be utterly confounded. 


♦ For instunoe. Dr. G. Vam^ntmpp, tiuKliml refort^o to tho Bonwi of Worku of 
Fmnkfort-on-tlic*Maim>I It in millj niolandiulv tt) think that a frcntlctnan of Hurh 
undouhtfHi lenniing nml nliility pA^<< 63, ftHtfnoto, and pafftmfH) nhould hitvo 
(ImtfHl 80 much of hiii time and ent^r^ry to tlu* nefttrioUH |)ur|)oitc of adforatinff 
wwfrage by wntcr-carriHgc, wntcrclosctH, Irripiliou with jM'Mlilfutittl >K*w«gc liquiii, 
and all, at that hrautiful city, just at the vt'n nick of time when yit^ forfmwt 
nccriuft, aanitan', and agricultural antlioritica, Utth (»f Grtnit JlriUm ami thu (Vmti* 
nent, Imvit ao JuMly Htignmiiatxl all thia a« the tfnut fnllmy of iht agt! Isct ui 
hojH» that the more cnlightt’ued pttrlion of the Fninkfitrl eitiyima will aU and 
i Ifcfal m^'aunitifhin (heir reach to atny rfrw at the eirmifh hoar an undrrtakiny 
which, Wguii againM their [»e! Ur convict itm, uiul in apite of fnM|uent vehement pro- 
tfHta, ia sure to entail hitter (tiNn)>|M>intnient, puhlie shame, and heavy |n*cui)iary 
sacriflees u}>on all coneertieil, esjuMaally after the mournful examples of Iiondon, 
iranihurtrh, Munich, and many other cities, have hut tiM> ctmdusively shown how the 
case really stands !“ ■* AVwrr' humnum td! Caju/tn« kunin ’m rtt trrurc: 
nisi insipienits, in crrorc ;^r«er< rare.' CiCKWo, J^uiMi’i’iCA Xii, 2. 
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VIL CAPTAIN LIEENUB’S PNEUMATIC SEWERAGE 

SYSTEM. 

• 

The various important facts stated in our preceding^ chapters, 
the considerations bearing upon city-sewerage in general, and the 
great interests therein involved, carefully collated by Captain 
Liemur in the course of his professional ami scientific investiga- 
tions, led him to certain conclusions, resulting in an altogether 
new system for removing and utilising human excrements, which 
we shall now proceed to submit to the public. 

As we have been hitherto engaged in demolishing all English 
water-carriage sewers, French ‘ fosses mobiles,* and German 
* abfuhrtonnen,* it will now be our more pleasing task to build 
up again, by {)ointing out a way to conform with the wise ancient 
Hebrew sanitary law: Uo cover with earth that which cometh 
from ms;* with this great improvement, that, instead of compelling 
each citizen* go forth abroad witltout the camp^^ the new 
system, by applying the glorious inventions of Otto van Guericke 
and James Watt, the air-pump and steam-engine, enables all good 
people to stay comfortably at home ; and instead of requiring them 
^ to dig a fude in the ground with a paddle on their u>eapon^^ 
a novel plough apparatus is employed, which for simplicity and 
efficiency is truly without a parallel. 

1. Leading Principles. — The captain, Cimsidering the failures 
of all preceding attempts at solving the great sewerage question, 
at once determined upon certain leading features, impenitively 
demanded by civilised, social, and refined habits on the one side, 
and by the immense agrictdtural, sanitary, and economical inter- 
ests on the other; and these we shall now liuve first to point out: 

tt. Householders and citizens must not on any account be dis- 
turbed by sewerage opi*rations ; therefore no dwellings are 
to be entered for that piirpose, either by day or by night. 

b. For most important sanitary reasons all existing cesspools 

should he suppressed, and the construction of new ones be 
strictly forbidden by law. 

c. All fffical matters must be daily removed, so that no fermenta- 

tion can take place. 

dm No gases whatever roust escape during the removal of excre- 
meuts, in order to avoid all pollution of the atmosphere, 
e. No washing or * flushing* by water must be required, so that 
the sewerage arrangement answers also in tovrns without so- 
called water-works, and that privies may not become offensive 
when the water is cut off. 

/, The privy-basin must have no valve or contrivance liable to 
beocme deranged, and so give offence. 
g. No substance of any kind, whether water, earth, lime, asb^ &c., 
must be used to ^ute or change fiecal matters, as this seri- 
ously diminishes or even destroys their agric^tuxal value. 



lOUBIKO PrIKCIPLKB AKB OCKBIUL DlBCRlPTIOTI. Wl 


lu Excrements must be so arraii|;fed for transport that they can, 
like any other cominoditYf be 8t*nt any distance to lands 
requiring fertilisers, without emitting the least effluvium. 

l. When applieil to arable soil, no gases whatever must escape, as 

this will not only cause a loss of m*>st valuable fertilising 
elements, hut also convert tlie atmosphere into a medium for 
diffusing cholera and other diseases, 
fc. When applit^l to nieatlows, fiecaT matters must, not l>o spreaii 
on the surface, as this a*ill likewise {K>llute the atmosphere, 
and cause, l)eside8, cattle-disc^asea 
L Whether applied to arable lan<l or meadows, faecal matters must 

• never come into ^direct contact with the roots of plants, as 
Atpt^rience has shown this to be luirtful. 

m. The whole sewerage systetn must be so cheap as not to sadille 

the poor with heavy rates, or burden itiunicipal IkhUcs with 
unmanageable debts, or cause the C(»st of collecting excrt»- 
ments to equal or exceed their agricultural value. 

The reader will perhaps think that this is nitlicr jl formidable 
array of re(|uir<*ments, ami begin to qiiesti»»n wh<‘thcr it is rtuilly 
possible b) contrive any plan that will fnllil them all. This wui- 
cliision might be justiHable, as liithtTto retally no HUoki#method has 
been discovered, notwithstanding all the talent and gtmius devote*! 
to the subject. 

Rut is not tIuH tht‘ lustory of nearly all inventions? An» 
not all first attempts generally mi»st complicated and eumbersonie, 
until repeattnl improvements finally t*ffect tin* j)urp*»8e in so simple 
a manner, that every one wornlers why be did not think of it 
liefore; whilst those wim never gave their minds to the suluject, 
insist that tliey eonid ji^t as well have ma<h* the invention them- 
selves? In fact, it is only tlie ohl story of the famous egg *»f 
Columbus over again. 

To afford the reader a clear vicjw of the way in which (''aptaiu 
Liemur carries out his great plan, we must first (h'scrihe in a 
general way his iiuxle of removing faH*al matters out of houses ainl 
tovrns. 

2. GEXKnAL pEscnirnoN. — The engraving on next page shows 
Captain Lienmr’s arrangement, as applied to any part of a city or 
t«iwn. 

Small iron reservoirs are placed un*]er fbo paverhent of all prin- 
cipal street-crossings each rc*s<*rvoir being connected by means of 
small iron pip^^ with the privies of the houses next to it, in such 
a manner that no offensive gas<*s can escape ; in other words, from 
every single privy a cfintinuoiw air-tight fmssage Icails into the 
next subterranean street reservoir, witliout thcj intervention of any 
cesspool.* 

The pipes are provided, each one, with a valve, to be workeil 

* CountTy-Miitfi and othi*r Imilding**, which cannot he connciriod with t*mh 

a prronp of hmiiw^ haring one <•onlmon n-Mjrvoir, aw* pro^ddnd nach onn with an 
irrin rtum'inr of iu own, of a canacity wdimhitwl for on*^ to thrre monthi*, or any 
other conr4»aiem perioiL Rueh a houee-eeaenroir ia hennatiealty cloaad hy a ralve, 
opened only <mot a day hy nii*ana of a lerer HsmI aomewheiw in the haaeniont of the 
btiiiding. When full, this renerroir ia emptied hy pneumatic ptMumie, aa rlaewhera 
deacrtlM 

I 
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irom tibe aidewalks^of the street^ so that the communicatioii between 
each privy and a street reservoir can be established or cut off at 
wilL These valves remain always hermetically closed, except 
during a short moment, when the privy contents are to be dis- 
charged into the street reservoir connected with it, which occurs 
during the night, in the following manner : — 



Jktrt of a Jhwn tikowioif Rmrooim amd IHjtei. 


A locomobile steam-engine working an air-pump is drivcm near 
the small subterranean street reservoir, to exhaust the air out of it, 
and out of the entire qrstem of main and branch pipes up to the 
hermetically-dosed house-valves, which are tlien, one after the 
other, opened and shut again, thus discbai^ng the privy oontmits, 
including all gases, into Ae street reservoir* 
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If tibe yacoam made in tbe reaenroir and pipe system is com- 
plete or nearly 8o» the mediamoal force of the atmoq[>herio column 
rushing in the moment a house-valre is opened 9 equals that of 
aome thirty hurricanes. In order to maintain this vacuum, while 
a number of privy pipes are discharged one after tbe otlier, the 
air-pump standing near the reservoir is kept continually in motion, 
creating a constant draft, which causes ^1 dischaiges to fly just 
into tbe reservoir, and nowhere els^ like so many shots from air- 
guns. 

The urine exceeding the solid fseces about eight or nine times in 
volume, affords sufficient moisture not only to prevent tlie excre- 
ment^ from drying or caking, but also to keep the whole mass in 
so fluid a state that removal Is easy, unfailing, and complete, 
especially under tbe above-mentioned powerful blast operating upi>n 
it. All the privies and their pipes will tlms be every day thoroughly 
cleaned of solids, fluids, and gases, and be filled with fresli air 
instead. 

After all the house-valves have thus been successively opened 
and shut, an operation which practice lias shown d&ii liartlly Iw 
done quick enough, iht* small reservoir itself is emptied by pneu- 
matic pressiue into a hermetically cIoschI waggon-reseavmr, attitched 
as a sort of tender to the air-pump carriagt*. This done, the con- 
necting hoses, by which the movable apparatus communicates witli 
the stationary one under the pavement, are iuiC4)upled, and the 
locomobile with its tender proems to the next nw^rvoir, and then 
to another and another, until the tender is filled. 

As the particular street reservoir where this will occur can hy 
practice be pretty accurately known beforehand, arrangements are 
made that, when arri^g there, the locomobile met^ts an empty 
tender drawn by two horses, which changes place with the full one, 
thus allowing the sewerage operation to go on without interruption, 
the filled tenders being always drawn away by the horses to a 
temporary depot, where they are decanted by direct hydraulic 
pressure into air- and water-tight baiTols, which are then at once 
sent like any other goods, by rail or steamboat, to the lands 
requiring the excellent fertiliser thus collected. 

We shall now describe more in detail the various parts consti- 
tuting what in future will be callM tbe ^Pneumatic Sewerage 
System.* 

3. SransT Kiservoibs. — ^These reservoirs are constructed of 
boiler plates, strong enough to resist atmospheric pressure when 
evacuated. Their size is a matter of detailed calculation, depend- 
ing upon the number of individuab whose daily excrements are 
to be discharged into them. Now, as we have seen tbatean ave- 
rage individual of any population produces not more than 1} lb., 
or cubic foot per day (see page 74), it follows that thirty-six 
average individuals will produce only one cubic foot of excrements 
per day. A reservoir of twenty cubic feet capacity will, therefore, 
suffice for about 700 persons, and ite dimensions would be three 
feet in diameter in the middle, and a total depth of Aree and a 
half feet These reservoirs, however, are made of various sizes, 
to suit all local requirements. In tbe spherical reservoir top there 
are openiDgs for the connection of tbe main-sewage pipes. Besides, 
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there are two rertical pipes — ^the smaller one^ the air-pipe, of three 
inches in diameter, pierces only the reseiroir top, and serves for 
exhausting the air. It has an arrangement at the upper end for 
coupling a hose to it, by means of a clasp, which is fastened by a 
fdngle movement of a small handle. The larger vertical pipe, with 
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a 6-inch bore, is the dung-pipe, and reaching nearly to the bottom 
of the i^rvoir, serves for traWerring its contents into the waggon- 
reservoir or tender. It is similarly ^tened to a coupling hose by 
means of a clasp and a handle. Both pipes stand close together, 
and are prolong^ up into the pedestal of a gas lamp-post, stand- 
ing on a convenient spot in the street. A little door in the pedes- 
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tal gives sooess to both pipes, for the pUipose of fosteniag ouupUng 
hoaes, &c. The gas Iraps are providM with a bright stained 
glau, and nuinbei^, so that the sewerage labourers may so much 
more easily find them during the night. 

# 

Public urinals are to be erected at far more frequent intervals 
than now existing^ draining of course into the nearest street 
reservoir, and not, as hitherto, into«the sewers* The little expense 
thereby incurred b amply repaid by the valuable fertiliser saved. 
Proper and convenient places, with femule attendance, are also to 
be provided for the lietter half of humanity ; because there is no 
earthly reason why thb most important sanitary reform should be 
any longer delayed, after railway companies have set such a good 
example all over the civilised world, especially in large oiiit^s, 
with long dbtances ; much intense individual suffering and actual 
sickness will thereby often be prevented 
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4. Hoitsb Valtib. — ^The Talves (see cut, page 117) closiiig her- 
metioaily eTery nagle priyy-pipe in front of the house, are case- 
hardened with the lower part sharpened to a chisel edg^ so that, 
in case any substances, such as rags, old shoes, &c., should find 
their way into a privy, and by aoddent get across the valve-seat, 
they are cut asunder by the downward movement of the valve, 
and no stoppage can occur. The valve-seat is smoothly planed, so 
as to make a perfectly air-tight joint. The valve is worked from 
the street by a labourer applying an iron bar to the socket of a 
short lever, the lower end of which is coupled with a connecting- 
rod to the valve-rod. By turning the lever about a quarter of a 
circle, the valve is lifted up and opened, and shut again by im- 
mediately reversing the motion* To prevent a valve being left 
partially open by a careless operator, the lever fixtures are placed 
in a little recess in tbe house front or garden-door*pillar, the iron 
lid of which recess shuts only when the valve is completely closed 
and *all right;’ when not, this lid does not shut, thereby calling 
the man’s attention to his own negligence. These valves are of 
easy access case of repairs. Similar valves are placed in the 
main pipes, at certain distances from each other, their rods reach- 
ing up into iron boxes closed by lids on a level with the pavement. 
These valvef Ere kept open, except in case of leakage, when they are 
consecutively closed, in order to localise any defect in a short time. 

5. Pbivv Arbanoehents. — There are two classes of privy 
arrangements, both exceedingly simple and effective. The first, 
shown in figure 1, is in case the accommodation exists only on the 
lower floor, and there is no other privy above it leading into the 
same pipe. The second class, shown in figures 2 and 3, is used 
when there are several closets placed on difcrent floors al>ove each 
other.* We will describe the latter, as this will enable the reader 
to understand readily both arrangements. 

A vertical pipe of brown stone or pottery-ware runs from the 
basement to the top of the house, for the privy funnels of the 
different floors to discharge in. These funnels are made of white 
stone ware, smoothly gla^ inside, and have a peculiar shape, 
depicted by figure 3. The rear part of this funnel recedes, instead 
of having the dish-form of ordinary watercloset liasins, which is 
invariably struck and soiled by fseces discharged at about a right 
angle, requiring a great deal of water to clean it again. By the 
form shown in our plate, on the contrary, the excrements, entering 
more or less in a slanting direction, fall upon the front sur- 
fiice, which is steeply inclined in the same direction, whilst the 
rear port of the funnel remains altogether untouched. Whatever 
stain is left in front is immediately washed away by the urinal 
discharge Any one of our readers may satisfy himself of the 
perfection of this simple arran^ment, by noticing that in a smooth 
watercloset basin no matter is ever found adhering to the front 
part ; this is partly due to its being oontinually wash^ clean by the 
* urine, and partly to the acute angle under which the excrements 
strike this front 

V Tbxm psople pmferriiig Gis Mught«r Bmanlaluifvii in Eg, 1, ivgudlew of s littk 
oitxs cae|Ma(Mw My MooiBViodAtied by s Mpmto veitieal i»{r for etrih Boor, theSh 
pilM of oomw eonreigiiig below in one eonunon bend. 



Pbitt A&eakobxxktb. 


119 


^ The short funnel terminates in a sort of downward drooping 
lip, tapering off to a rounded point> which conducts U)e excre- 
ments towa^s the middle of the vertical pipe, so that in dropping 
off that lip they descend through the space alone, without ever 
touching the sides of the pipe, which, consequently, are kept 
absolutely clean. To make quite sure of this, the vertical tube is 



I of Privy Fuitneltif etc. 

fourteen to sixteen inches wide, depending upon the niimiier of 
privies entering into it. For purposes of ventilation tins pipe is 
prolonged to the roof of the house like a chimney, and covered 
with a wind-cap turning upon a pivot, so that, with all breezes, an 
uninterrupted exit of ga^ can take place. Below, where the 
f xn y ment " accumulate, the vertical pipe is made of cast-iron, and 
narrowed down to a diameter of about five inches, curving towards 
the house-valve, first downward and then upward, so as to form a 
sort -of hydraulic tnqx This bent cast-iron portion of the tube 
is of easy access in the basement or cellar of the house, and may 
i!» removed in case large, unyielding oljects, such as broom- 
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baodleSi pieces of wood, &c., should happen to be thrown into the 
privy by careless servants or children. 

The excrements, solids and fluids, are all, without any impedi- 
ment, collected in this bend, thus offering only a surfimof some 
five inches diameter to the air for evolving gases. Experience has 
shown that fermentation evolving sulphureted hydrogen and am- 
inoniacal gases sets in only some three or four days after excre- 
ments are produced, and that (he gases thrown off in the interim 
are mere wateiy vapours taint^ with only a trace of ammonia f 
therefore but very little offensive effluvium will arise from the con- 
tracted surface of the said hydraulic trap, which is besides entirely 
cleaned out every twenty-four hours. To prevent, however, even 
the smallest volume of fiecal gases from entering the bouses, the 
privy funnels are fumisljed on the seat with a lid, turning on a 
strong continuous brass hinge, and provided on the inside with a 
good india-rubber ring, one inch wide, and projecting about one- 
eighth of an inch. This india-rubber ring serves the double purpose 
of giving a really air-tight closure, and of preventing the noise the 
lid would otherwise make in falling. It is evident, when such a 
lid is opened Tor usage a current of air must at once set in down- 
wards through the funnel, and then upwards through the vertical 
pipe to the rcmf, creating a draught just like a chimney, for the 
simple reason that the pipe being closed below, no air can rush in 
from that quarter. It is therefore impossible that any offensive 
gas should escape through the funnel, as that would create a par- 
tial vacuum in the lower part of the pipe. The only chance for a 
momentary suspension or weakening of this air-current would be 
the simultaneous opening of privy lids ou two different floors, 
which of course will not occur very often. The funnels are manu- 
factured with drooping lips of different lengths, those on tlie upper 
floors projecting the farthest, so that excrements falling from a 
higher funnel cannot strike the lip of a lower one. The drawing 
is too small to show this clearly, but it is easily understood, the 
main point being to prevent any fiec^d matters adhering to the 
interior of the vertical pipe. 

As we have rUready hud occasion to mention, in case of there 
l)eing only a first-floor closet, the simple basin used is shown in 
figure 1, which is placed so us to allow the excreta to drop at 
once vertically through, without touching either it or the vertical 
pipe anyw^here ; of course the soiling of any part is then utterly 
out of the question. By these means a good substantial closet is 
provided, in which nothing whatever can get out of order, as there 
are no valves, nor traps, nor machinery of any kind. When the 
lid is opened, nothing is seen but a short, clean, white funnel, with 
a dark outlet below, emitting no effluvia whatever, and never 
offending our eyesight in the manner so often presented by ordi- 
nary waterclosot b^ins, quite choked with a di^[usting mass of 
excrements and soiled paper, whenever the fixture is deranged, or 
when there is a short supply of water, or when some careless in- 
dividual has forgotten to work the handle. Both faeces and urine 
falling free from a comparatively great height into the hydraulic 
trap below, they are by their own gravity pounded together into 


* This digbt eshslstion eron cesses, when the nstter beeomes coM. 
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one homogeneous mass, to which the paper used gives a sort of 
consistency and tenacity, greatly facilitating the daily cleaning 
proo^, by offering a suflScient resistance to the column nf air 
rushing in through the ventilator on the roof, the very moment 
a house valve is opened in the manner before described. 

As we said before, this atmospheric pressure, equalling a force 
of some 2()0 lbs. in a 5-inch pipe, will suddenly, like a hurri- 
cane, sweep away even the last yestige of matter collected in 
the hydraulic trap, thus leaving the whole privy pipe entirely 
cleant^ out. So powerful is the force operating, as experience 
has shown, that not only all solids, fluids, and giises, together 
with the troublcsome^flies infesting all privies — above all in hot 
countries — are completely swallowed down, but that old shoes, rags, 
and even small brickbats are likewise htirled into the stn»et- 
reservoir as if by magic. To give the retuler a just conception of 
the force employed, we must remind him that a hurricane or 
tornado, which tears trees out of the ground by the roots and flings 
them along, which unroofs buildings, knocks down chimneys and 
drives their bricks along like hail, has a mt^osur^l pressure of 
50 lbs, per square foot onl}". The power a[)plietl by the pneumatic 
system being about 10 lbs, per scpiare inch, or say I,5(K) lbs. per 
square foot, is thus equal to a combination or» #uuceutration 
of some thirty tornadoes: when such a fr)ree is suddenly exerUnl 
to move a plastic mass exceeding but seldom one foot cubic, no 
wonder that it disappears so (|uickly ! 

6. Stiieet-Mains and Kuancii PirKs.— These fupes arcs all only 
five inches diameter in the clear, and laid down just like common 
gas pipes, requiring no foundations whatever, and following all the 
undulations of the ground. There is no necessity for making the 
main pipes larger than the branches, becatise there is never any 
accumulation of matter within, hut e^eh little volume t>f privy 
contents possesses a clear track and undisputed right of way from 
the house-valve to the next street reservoir, where it is bound tii. 
Cast-iron is the material of these street pipes, cast as thin as 
practicable ; even the thinnest (as they ore only five inches 
diameter) being capable of resisting atmospheric pressure. The 
reader need not be told that, with so dense a material as ciist- 
iroD, percolation or filtration of noxious fluids or gases is im- 
possible, whereby all danger of poisoning the soil and wells is 
entirely obviated. In regsird to wear and tear we have only to 
say, that cast-iron in sewers is known to engineers to have lasted 
more than sixty years, without even street or road grit having had 
any perceptible abrading effect upon it. Now as no street grit 
ever enters these pipes, we may safely assume that they will last 
still longer. * 

^ There is also never any occasion for inserting scraping tools, 
which might injure the metal. With regard to rust or oxidation, 
it has been found that the fatty elements contained in fieces form 
an excellent preservative to the inside of the pipes, whilst the 
outside is fiiUy protected by various cheap chemical preparations. 
To prevent all danger of leakage through flaws in the casting, 
which in gas and water pipes often gives so much trouble, Captain 
Liernur has invented a simple method of testing bis cast-iron 
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itMii^ lofier oonliritrftiioe, wliioh ftoam ad ludA Aem 
One dT tlieie eahioiit oommimicatoi through a dcodble hoa wftii 
a steam engine driving a air*foroe^pump. The latter, with 
a few strokes, trebles the density of the air within the abmerged 
pipe ; and, if there is the slig^^ flaw in the iron, bubbla rising 
to the surface of the water will in&lUbly show it From twelve to 
fifteen pipes may thus be thoroughly tmted within an hour’s time, 
before putting them into the ground. 

The joints are orthe socket style, ad mad^air*tight by a ring of 
iron cement and clay. The branch pipes enter the main pipes at 
an angle of about thirty degrees, with a curve of two feet radius, to 
fadlitate the current of the fsscal matter towards the street 


reservoir. The main pipe is, wherever practicable, given a gentle 
inclination downwards until near the reservoir, which it enters by 
a sudden upward bend, thus forming another sort of hydraulic 
trap which collects all ftecal matters in one compact mass, and 
forces it without any scattering into the reservoir. Sometimes 
there are opportunities to simplify the i^stem by applying only 
one valve tonanmain pipe, or even the reservoir itself, instep of a 
separate valve to each branch pipe; for instance, in garrison barracks, 
schools, colleges, asylums, prisons, in fact all large buildings having 
a number of privies systematically distributed and regularly filled. 
This simplification, however, is only practicable under such favour- 
able circumstances ; else there is danger of having only the pipes 
containing the least matter cleaned, and the others left undone. 


7. PnEUHaTic Locomobile and TEKDEii.^Tbe engine and ten- 
der of the model shown next page, are xnfmufactured by JIfessrs. 
de Bruyn^Kops and Backer^ engineers and machinists, at Breda^ 
North Brabant, Netherlands. The engine- carnage stands upon 
four wheels, two large ones supporting the boiler and principal 
weight of the apparatus, whilst two small front wheels serve more 
for steerage. The boiler is upright vdth vertical flues, so arranged 
as to aSb^ the greatest possible heating surface. 

The steam cylinder and air-pump are horizontal, and bolted 
side by side securely on to the carriage frame. The steam piston 
operates upon an intermediate transverse-lying shaft, which, with 
a second crank and a return connecting rod, works the air-pump 
piston. The shaft has on one end a fly-wheel, to promote 
regularity of motion, and on the other end a small tooth^ wheel 
which, when in gear, works by means of an endless chain upon a 
similarly toothed rim, fasten^ against one of the wheels of the 
carriage, *and thus propels it When the engine is at work pump- 
ing out a street reservoir, this prof^lling gear is of course ui^ 
shipped. The air-pump has sixteen inches stroke and sixteen and 
a half inches diameter, giving a capacity of two cubic feet ; and 
as the engine is worked at 100 revolutions per minute, the pump 
will of course develop 400 cubic feet per minute. The steam 
cy^Vuadieat has seven inches diameter and sixteen inches stroke, with 
a out-off at half stroke, and the engine has twenty-two and a half 
horsepowM^ All parts which oaii be made of steel and hollow. 
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io as to dMm 
tilo BcxiBe of the blMt» 
while the exhaiuted air 
is paased under the fire-* 
pate, in order to purify 
it by boming. 

In another pattern of 
a vacuum engine, in- 
vented by Captain Lier- 
nur, the air is not ex- 
hausted by the action of 
a pump, but by that of 
two retorts^ out of which 
the air isdriven bysteam, 
the latter l^eing imme- 
diately afterwaris con- 
densed by injecting 
water. Each retort or 
condenser has three feet 
diameter and four feet 
height, holding thus 28 
cubic feet. Being ex- 
hausted ten times per 
minute, both retorts de- 
velop a volume of 560 
cubic feet per minute. 

The little mingled air 
and steam driven out of 
the retorts is led through 
an upright 6-inch pi|H3, 
in which also a fine spray 
of water is injected for 
condensing the steam, 
and heaving the air alone 
to escape under the 
fire-grate, there to be 
purified by burning. A 
small donkey - engine 
works the condensor- 
valves, the injection- 
pump, and the boilers 
feed-pump, and besides, 
when shipped in proper 
gear, propels the whole 
apparatus. 

Both kinds of engines 
are drawn by a single 
horse, the greatest part 
of the motive power 
being supplied by the engine. Part horse, part steam-propelling 
arrangement is used, because experience in such matters has 



124 vn. Cawaih LiBBiruE*s Potumatio Sewerage System. 


taught that p mwit^g horses do not shy as long as they see one 
of their own kind in front of an engine. In thus giving these 
fttiiTOAla an impression that * all is rights’ accidents are prevented, 
and the objections removed which some municipal authorities 
have raised against the use of locomobiles in public streets. 
Besides a horse saves a complicated steering gear for turning 
street corners. The boiler of ^e model shown in our cut is fed 
by a Giffard injector from a t^nk holding but five cubic feet, in 
the middle of the carriage. Either engine, as described, together 
with three tenders, is sufficient for every 10,000 inhabitants, 
being capable of removing one day's supply of excrements within 
seven or eight working hours during the night. 


8. Pnechatic Tenbeb. — ^This tender stands also upon four wheels, 
the two rear, very large ones, supporting three-quarters of the weight 
of the manure cylinder, the small front wheels bearing the other 
fourth, and serving mainly for steerage. The tender has no carriage 
frame, the cylinder itself serving as such. There is on each side 
a 6-inch suctihn pipe, either of which can with a flexible hose l>e 
connected with the vertical dung-pipe in the lamp-post pedestal 
before alluded, to, a valve establi^iug or breaking off the con- 
nection at will. On the top of the cylinder stands a dome with 
two 3-inch pipes attached to it, provided with well-closing valves. 
One of these is, by means of a flexible hose, to be connected with 
the small air-pipe in the said lamp-post pedestal, the other by a 
similar hose with the suction pipe of the air-pump on the locomo- 
bile, after the tender has been coupled to it. This coupling is 
done in the following manner : the tender coming up empty with 
two horses, is placed alongside of Uie locomobile ; horses and 
centrepole are taken off, tlie latter by simply lifting the draw-bolt. 
By partly turning the tender's front wheels, it is easily slewed 
n)und, so as to stand right behind the locomobile ; after which a 
short coupling bar is fitted with one end in the centrepole-slot of 
the tender, and with the other hooked to the engine. The tender 
cylinder is 3 feet 7 inches diameter, and 10 feet length, therefore 
10 square fi^t section, and 100 cubic feet capacity. Of these, only 
90 cubic feet are used for storage of sewage, the remaining 10 feet 
being partitioned off as a water-tank for the engine* These 10 
cubic feet or 75 gallons of water are brought along by the tender 
driving up empty, and after coupling gn^ually discharged by a 
small hose into the engine's tank. The tender, on its way to the 
engine, carries also two square baskets of stout wicker-work, filled 
with mixed coal and gas coke, so that the engine is constantly kept 
supplied both with water and fuel, by the tenders passing to 
and fra • The fuel baskets are merely bung up on hooks beUnd 
to the tender, so that they can be easily taken off, and placed 
handily alongside the furnace. 


9. Opsbatioe of Engine and Tekbeb. — ^This h as follows : the 
propelling gear of the engine is miabipped, and the air-pump set 
to exhaust &e air both out of the tender j^lihder and out of the 
subterranean reservoir and pipMystdtii, connected therewith by 
means of the hoses and pipes 4wnb^ ^" The air-pump has a 



Opbbatiok of Ekoute, etc. — ^Deoaktieo Stations. 125 


d^mcity of two cubic feet, and nms at the nte of 100 double 
strokes per minute, developing therefore, in one’minute, a capacity 
or volume of 400 cubic feet. Now, supposing tbe subterranean 
main and branch |npes to develop a total of 8,000 linear feet, 
which is about the aven^, giving a 

Gapacitjr of, say ...... 1,090 cubic foot. 

To which add for reservoir .... 20 „ „ , 

And for tender cylinder . . • . 90 „ „ 

Which toUil of 1.200 „ „ 

three minutes pumping would reduce to an internal pressure of 
7^ lbs* per square inch, and three minutes more to 3f lbs., thus 
leavftga working atmospheric pressure of 11^ ll>s., or, allowing 
some loss by leakage, of say 10 lbs. on the square inch for empty- 
ing the sewage pipes, which experience has shown to be more than 
sufficient 

As soon as the vacuum gauge on the tender indicates that pres- 
sure, labourers proceed to open the house-valves one after the 
other, the air-pump of course continuing to work,^o as to main- 
tain the vacuum. To promote rapidity of action, two men are 
employed turning alternate valves, one walking while the other 
stops, thus continually ptissing each other, the engiift>^r remaining 
all the while by his engines When all house-valves have thus 
been opened and immiMliately Hhiit again, the engineer disconnects 
the air-pipe, and turns the duug-pipe-valvf», thus transferring, in 
a few moments, the contents of tlie street niservoir into his tender 
cylinder. He tlum disconnects the hoscj of the dung-pipe, and 
drives both engine and tender coupled up as they are, to the nctxt 
street reservoir, one labourer leading the horse, whilst the other 
stays for a mom<*nt to flose the <loor in the lamp-post pedestal just 
done with. As the air-pump throws the foul gases exhausted from 
the reservoir and temler cylinder directly under the grate of the 
furnace, they are consumed ; and as also the smoke of the engine, 
and even the blast is stifled, the whole performance is so 
inoffensive to smell and bearing, that not the least annoyance is 
given to even casual pas8c?rH-by. One engine, with three men, can 
in eight hours night work empty with ease say fifteen reservoirs, 
each connected with an average of sixty houses, removing thus the 
excrements of some lOjCKK) pc^rsons more or less ns stated liefore. 
Each engine requires three Umders, one coupled to it, the second 
on tbe road coming or going, and the third discharging at the 
decanting station, which wi? shall now deHcTib(% 

10. DECAXTisa Station.**.— "The tenders, when full, are driven by 
two horses, as mentioned before, to decanting stations, located in 
suitable parts of the suburlw or environs of the city. tVhenever 
practicable, they are placed in the immediate vicinity of a railway 
station, steamboat landing, or canal ; if not, it will in most cases 
be good policy to build a little side track to such means of trans- 
port. The decanting buildings are roomy, well ventilated, and 
arranged for stabling tbe horses, storing their feed, sheltering 
engines and tenders, storing fuel, with a workshop for repairs. 
There is besides a tank and |minp for supplying the tenders with 
water for the engines. The principal feature of these buildings, 
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hiammm^h flie acnageiiMnit from whkii obtaiii their aam^ « 
fiii M ^HpaietooW decentii^ the ezeremente of the tidier 
^liederi into barrel^ which U always done immediately upon 
anivaL 

Hie tender is driven on a platform inside the buildings below 
which is a pit in which the decanting process goes on. The 
discharge valve is fitted to a decanting measure, holdii^ exactly 
five cubic feet This measurS Is simply a.cylinder of boiler plate, 
fixed in a little frame inside the pit, and having a pipe below, 
which can be fitted to the bungbole of any barrel. The measure 
has two valves, one above allowing it to be filled, the other below 
for emptying; its use is to fill the barrels, without danger of 
spilling any of the matter. 

11. Manube Baebels. — ^These barrels, 28 inches in exterior 
diameter, 32 inches in length, and 5 cubic feet in capacity, are 
made of stout oak staves, and strongly hooped with iron, so as to 
stand considerable internal pressure and even rough handling, like 
beer barrels;^ the wood being previously saturated with a pre- 
serving mixture, so as to close the pores more effectually and 
prevent rotting. Experience has shown that such barrels, filled 
with excrements, can be forwarded like any other commodity 
without the least smell. The tenders, when filled, holding just 
90 cubic feet, 18 barrels are required to empty one of them. 

The bunghole of the barrel is strengthened by a cast-iron ring, 
firmly inserted and fastened into the wood, and closed with an iron 
cap, which is scrovred into the ring when the barrel is filled. 
This cap has in the middle a hole, ^ inch in diameter, with a little 
conical plug fitted in, held by a spring igside, and so arranged 
that, when the internal pressure exceeds 2 lbs. per square inch, this 
plug lifts up a little and allows the gas to escape, which might 
otherwise burst tbe barrel or cause at least a leakage. Of course 
the barrels are always laid bungbole up. This arrangement is 
adopted in cose of unexpected delay occurring in forwarding the 
barrels to their destination, which is not likely to happen ofteii, 
if the whole of this system be properly followed out 

12. Tbanspobt or Manubb Babbels.— It has been seen that, 
by the preceding arrangements, all focal matters produced in 
an entire city are not only collect^, but also barrelled up ready 
for transport, only some twenty-six hours after the first, and two 
hours after the last has been discharged, giving an average time 
of fourteen hours after the moment of production. The pliin 
being never to allow fermentation to set in, of course no time 
whatever" is to be lost in forwarding tbe barrels to their proper 
destination, where, we now all know, they can do no barm but 
only good. 

For this purpose the system requires the city or company 
undertaking the sewerage works tq own or control one or more 
tracts of land, capable of absorlungk]! the manure not called for 
by formers or others. If the lat^.heed any city manure, they 
must send in their orders to the neiMBt decanting station, so that 
the very first produce may be fommimi! to them, they paying the 
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•■ttblisbed ^ioe and fire^^ ebaigaa, awl ratoniing tbe bamb 
vhenempti^ 

Tbe land to be used by the aeweiage vorks mvat be laige enough 
to reoMve all manore not otherwiae diqKwed of, and should be 
lying oontignous to some railroad, oaiuJ, or navigable river, to 
imitate and cheapen tbe daily truisport of barrels, which should 

arrive thore, if p^ble, while the contents are still quite fresh. 

• •• 

13. Utilisation of Huicak Manubs. — ^T he lands required by the 
* Pneumatic Sewerage Works * may be laid out according to the sys-* 
tern followed by irrigation companies^ vis. in various lots or traotSp 
of which some parts ^alternately receive their manure, whilst on 
othefs crops are growing. At any rate this is in accordance with 
the plan n^vised by many eminent agriculturists, for the purpose 
of providing on the farm a constant place of deposit of manure for 
complete and immediate utilisation on the spot ; that is, in tiie 
land itself, and without first forming compost heaps, or bare- 
fallowing any part of the grounds. In other words, the advocates 
of this method maintain, that by rotation of crops, it can be 
managed that always some field is open or in season for rt*ceivirig 
manure, while the others hear growing plants, so th^t during the 
year each acre receives its proper amount of fertilisers, and yields 
a corresponding harvest. 

Many farmers, howt^ver, stoutly deny the practicability of this, 
arguing, that <jven if one field could always be hml for manuring, 
the time which must be allowed to elapse between this o{MTati(>n 
and planting the seed would in many cases be t(K) short for properly 
developing tbe mutiure into platit^foiKl, which, unless thoroughly 
effected, would cause the plants, instead of being benefited, to be 
rather iiijure<l, through the peculiar nature (»f the material used. 
This objection would hold go<Ki if the ordinary mode were followed 
of mixing the manure with the top say within two or three 
inches of the surface, into which the seed shortly afterwards is de- 
posited. 

Such is not the case, h<»wever, when the apparatus is used for 
putting the manure in the ground which will be described prtisently. 
Hut as, DotwithstaiKling the assertion of the rotati(»ri crop a<lvo- 
ciites, it surely may occur through unfavourable weather shorten ing 
the spring, or other circumstances, that all the land is simul- 
taneously occupied by planted seed or growing crop, leaving 
no field open for deposition and utilisation of sewage, Captain 
Lierniir prefers a nietbcKl of bis own, which effectually overcomes 
all difficulties. 

It is as follows : all the arable land is laid out in alternate beds 
of plants and fallow strips, the fonner being about sixty inches, 
and the latter forty inches wide and occupying thus an area of 
one-third of the wh<»le fiehl, leaving but two-thirds for the growth 
of plants. The planting Ijeds are, as usual, sown in drilled rows, 
from eight to twelve inches apart, as tbe nature of the plant and 
soil may demand, thus leaving room for ^ inter-tillage,* while the 
fallow strip are used for depositing manure, which, by means of 
tbe manure plough, now can be done during tbe entire season, 
even while tbe plants are growing or ripening. The following 
season, tbe position of tbe 1)^ and strip is reversed or exchangedt 
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•o that the plants will grow on soil manured the season previously, 
while the soil which yielded harvest before, gets fertilise anew in 
its tom. 

It is evident that in this manner manure can be utilised on a 
given farm the whole year round, which in dealing with sewage is 
absolutely necessaiy, as its supply is without intermission ;* and it 
will be shown, in the following pages, that by this method, called 
by the inventor * fallow-strip-manuring,’ a larger crop may be 
expected from a given field, than by sowing broad cast, or in drill- 
rows over the whole area. 

But in either case the application of the human fertiliser is not 
effected as hitherto by merely spreading it oVer the surface of the 
land, thereby infecting the atmosphere for miles around,^ and 
weakening the manure besides by allowing the most valuable 
elements to evaporate ; on the contrary, the new method puts it 
immediately under ground, where it should be, and this is done 
in the following simple and efficient manner : — 

14. Tillao* Land Manure PLOuan. — We may here observe, 
that the ploughs known in agriculture can be divided generally 
into three c^lasses, viz 1st. The common plough^ which partly 
breaks up and turns over the surface soil by cutting a slice of 
earth in a slanting direction from one side of the furrow, and 
putting it on the other; 2nd. The subsoil plough^ which merely 
loosens and breaks up the earth below the surface, so as to admit 
air, to let surplus moisture through, and* to let the roots of plants 
penetrate it ; and, .3rd, the french plough^ which turns the earth 
of the furrow over in such manner that the surface soil is buried, 
and the lower soil thrown up to the surface. It is this class of 
ploughshare that is preferred for the opeAtions here described; 
luit even the common plough of any shape the land may need, 
or the farmers fancy, will answer the purpose in certain cases, 
as hereafter will In* sliow'n. Over any plough a light carriage 
frame is placed, and so fasbmetl to it that both move* together. 
The carriage frame stands on three wheels, the front one turnii^ 
on a pivot. 
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One of the manure-barrels, as soon as practicable after its 
arrival from the decanting station, is laid over the plough and 
carriage frame, with the bungfaola Ep. The iron cap is then 

* Any tnrplas ot mamm which, perhaps, eannet be dispeefd of even hy this 
method, it at once plotighed into mme barren tract or other, eoqniied for the pnrpoee 
of being miltially convened into arable land ; ao there ia at all aenaons a enaaee of 
applying toe aewage matter aomewhere. 


Tu Mjubow HAKUuau 


1S» 


rmnoved, and by maans of a atoiit leather breeching and two 
broad straps a short pipe is ftstened to the bunghole, after which 
the barrel is turned round, as shown in the drawing, so that the 
pipe comes immediately behind the ploughshare, and discharges 
the barrel-contents directly into the furrow made. Placed behind 
are two little shorels or scrapers, levelling again the ridges of the 
cast-up earth, and thus closing the furrow immediately adth loose 
soil. The pipe has a small valve to jegulate or stop the discharge. 

To enable the operator to deposit the manure at various depths, 
the ploughshare is held V>y a screw-rod, so that, by turning a 
handle, it can be elevated or depressed. This contrivance enables 
also the combined apparatus to be driven over common roads, for 
whicU purpose the ploughshare is entirely raised. 


15 . Meadow Manurer. — The above arrangement is intended 
for arable lands of all descriptions : for meadows, on the other hand, 
the variation explained by the accompanying engraving is reipiirod. 
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The barrel is fixed in «tlie name manner as before, and placfnl 
upon a similar carriage-frame ; but, instead of a ploughshare, a 
simple tool is used for injecting the tnamire underneath the sods, 
without injuring the rfKits. 

This tool is a sort of double-edged vertical knife, fifteen inches 
broad, and three inches thick in the middle, and makes with a 
sharp front knife a running incision into the sods. Ihdow, ithus 
a broad hollow foot, sharpened in front and on the tnlges, with a 
sort of swell or increase of thickness in the middle, which gently 
lifts up the sods a little l>ebiud the incision mode. 

This manure-drill has in the middle of its stem a vertical hole, 
two inches in diameter, running through its entire length. The 
upper part of this hole is widened out ftinnel-shape, to receive the 
manure liquid issuing from the Ijarrel tube. The lower part is 
also widen^ out, and gradually m<*rge8 into tlie hollow foot. 

In case of great toughness of sods or thin roots, to prevent their 
being displac^ or tom, ka ingenious arrangement is provided, not 
shown in the drawing to avoid indistinctness by complication. It 
consists in a sharp blade in front of the main tool, moving ver- 
tically up and down aliout three inches, its lower end passing 
through the broad foot, and the upper one hanging on a 
inch crank of a small axle, which receives its rotary motion by 
means of an endless chain from one of the rear-wheel-buhs, in 
proportion of about two to cme. 

Now it is evident that, when this manure-drill is set in motion, 

K 
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tbe liqtdd dong will run out of the barrel through its hollow stem 
into the cavity made underneath the sods by the hollow foot; 
afh^ its passage^ the sods will immediately close again, through 
their gravity and elasticity, just like two lips parted for a moment. 

This immediate closing of sods effects two important purposes. 
Firstly, it flattens the little rivulet of dung into a thin layer, 
thereby distributing it over a larger surface ; and, secondly, it 
effectually prevents tbe contamination of the atmosphere by faecal 
gases. Tbe main point, however, in view by this arrangement, 
is to give cattle food uncontaminated by putrid organic animal 
matter, of which more hereafter. 

The manure-drill is fastened to the carriage frame with a screw 
rod like that described before, for raising and lowering to suit cir- 
cumstances. The incisions in tbe sods are made as close together 
as the nature of the meadow may reqiiiie; they may also be run 
in two directions, one at right angles with the other. 

There is no practical difficulty whatever in the application of 
liuman manure to arable lands and meadows in the manner just 
described. Uie dung itself being composed, as we have explained 
in page 74, of some 8 or 9 parts of urine and only one part of 
solid excrements, has by pneumatic pumping and repeated forcible 
churning, even reduces the paper to a soft pulp, received 

such a homogeneous liquid character, that it will issue from the 
liarrel over the plough as a very thin slush, without any lumps to 
mar an even exit through the pipe or the hole of the manure-drill. 
But should there be even now and then something or other to in- 
terrupt the passjige, both barrel, pipe, and knife-bole are easily ap- 
proached and cleared out. 

For the rest, the whole apparatus is as easily driven and managefl 
as a common plough, as the weight of tMb barrel presses not on 
the ploughshare but on the carriage frame provided for it, the 
only n^quirement being an extra liorse t)r ox to pull the additional 
weight of tlie barrel. In gjirdens, or other small tracts of land 
where no plough can be used, the following simple method of 
manuring may be a]ipliiHl : — A handy tin pot or pail with a well- 
closing lid, is tilled out of a manure barrel, and then emptied 
through the spout into the ground, tbe liquid being covered with 
earth immediately afterwards. This sfwiit, shaped like a broa<i 
duck’s beak, is provideil wdth a screw for regulating the thickness 
of the manure stream, according to circumstances, and closing the 
passage hermetically wlien not in actual use, so as to prevent all 
unnecessary effluvia out of tbe pail. In this manner even tbe 
nnallest garden may be made to share in the l)enefits of this 
universal fertiliser, and great quantities of faM^il matter will thus 
in detail be safely lodged imderground, which otherwise would 
perhaps lie festering on Uie surface. 

16. Winter Storage of Manctre. — ^There is, however, one diffi- 
culty in the way of constantly carrying out this plan of putting 
excrements into the ground immediately after produce, and storing 
them there, and nowhere else, for tbe future use of agriculture. It 
it when £r^ has so hardened the ground that the ploughshare 
cannot break it, or when the fields aie so deeply covered with snow 
that to attempt the process would involve an expenditure of force 
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and money not jufttified by the ctreumstancefu Of course^ the oaee 
is not any worse than that of the irrigation system, which, ei* 
perience has showm, is often brought to a dead«^lock in the winter 
time ; but that does not help the matter. 

Some mode of storage must therefore be proyided to keep 
human manure, over such periods, lioth from freezing and ferment- 
ing. For that purfKuie winter sheds are built, being simple light 
covered structures, in the immiHiiate vicinity of decanting stations 
or other convenient locations. During frt>st the filled manure bar- 
rels are stored there, and kept at an e<|ual temperature of about 
freezing point, by occ4isionally slightly heating the building or 
allowing cold current^ of Jiir to enter, so that the matters 

can ifeither freeze nor pass into fermentation through heat. 

Of course some care is hereby requinnl ; but it may always bt* 
easily ascertained whether the manure barrels are too hot or too 
cold, by simply unscrewing a few of the irt)n bung-caps. If the 
material begins in any way to tlirow off gjises, the tem[a»rHturt» of 
the building must be retlticed by letting in a cold draught ; on the 
other hand, it must of course 1 h* gtmtly raised, if iet^is found in a 
bunghole. 

That this plan, if the fn>st long continues, will involve a con- 
siderable outlay in barrels, esjx'cially for large eitieif, fs of courst? 
disagreeable, but altogether uimvoidahle; lM*ca.use, whatever the 
frost, excrements are daily produced and nnisf he stortnl somt?- 
where, and any otlier plan would not lx* less expensive or trouhh*- 
some. These winter sheds liave at any rates tfie merit that they 
preserve human manure unspoiled for imim*diate apjdicatioii the 
moment the frost disappears; with this further advantage, that 
part of the barnds at least can be disposed of to largti est4it(»s, 
keeping steam-ploughs 1*a|»able of hre^aking upevt*u frozen ground. 
In many cases, it will lx* fictually cheafK*r to keep a steam-plough 
for disposing of the s(‘>vage at once, than provifle a inunUu* of 
barrels for storing it during frost or dee[) snow. 

17. Recent patent Sewkuage Schemes. — Onr aceountof sewiT- 
age schemes would not be complete if we omitted to d(*S(!rihe some 
projects which, under the title of improvements, have been in the 
last few years projxjstxl and pideiited in this country; hut, lH*foro 
doing so, we may as well state tliat the process of removing fieeal 
matter by atmospheric pressure, through (‘itln^r snrfaite or sub- 
terranean pipes, w'hicli, in some recent jjatonts, is claimed os an 
original* invention, Is not by any meiiiis a novelty. 

Plans to that effect have been rep€*attfdly proposed by various 
eminent engineers ; and many foreign standard engineering works, 
treating of city drainage, make mention thereof. Most ^ertiinent 
among them are those of the French engineer Latour, and also 
those of Mr. Cbapusot, who worked out such a plan for the city of 
Turin some twenty years ago, as stated already in page 83. All 
these schemes, however, are hampered with awkward and imprac- 
ticable details, which forbid their execution. Moreover, in most 
large continental towns, the pneumatic process can be daily seen 
in full operation for the removal of cesspool matter. In some 
places even the cesspools are built immediately under the privies, 
and provided with a permanent iron pipe, which comes < ut into the 

K 2 
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rtreei. At oertiuD stated periods a pneumtic waggon, canying a 
rimple iron i^Iinder, in which a vacuum has bora crea^ by 
ooilaenaed steam, is attached to it by a coupli^ hose. Here is 
practically the whole permanent pneumatic drainage q^atem on a 
small scalcy and for that reason all patent rights, the claims of 
which go no further than the removal of fsecal matter by these 
means, are null and void. 

We have already plainly shewn, that Captain Liernur's system 
is quite another affair* He not only removes the matter, ms^es it 
portable, and gives it a practicable shape for agriculture, but shows 
also the way how to extract by its means the largest crops from 
the soil* His own language is: ^My method deals with faecal 
matter from the moment it is produced until the moment it ft put 
under the ground, for stimulating useful vegetable life ; and all 
means I thereto employ are but parts of one single comprehensive 
design.' In fact, his system is nothing but a combination of 
acknowledged practical measures ; but this combination, with all 
its ingenious details, is new, and his claim as its inventor in<* 
disputable. « 

Nearly all useful inventions consist of similar combinations, 
all their various component parts being well-tried contrivances, 
the effect aAd^operation of which is known, and therefore there is 
no chance l^ft for failure by an impracticability of details. And 
it is generally in this particular that so many schemes (often 
patent^ at great expense) are weak ; above all, when they claim 
the application of some well-known natural agent (as, for instance, 
pneumatic force) to some particular purpose, but fail to point out 
the exact manner how, and the precise modes by which, the thing 
is to be accomplished. As the physical law upon which the 
alleged improvement is based cannot in that case be exclusively 
claimed, because it is the common property of all, and the 
mechanical means are not specified, the invention is, of course, 
worthless, because there is nothing invented, and the problem is 
still left for solution by others ; while the patent claim amounts to 
nothing. 

In the following descriptions of patent sewerage schemes, we 
have considerably condenseil their respective specifications, stating 
only the leading features, and acH^ompanied them, pour eivconra{fer 
Its auires^ with a few words indicating their true bearing and 
value. 

J une 22, 1 860, Mr. Waiter Macfarlant^ engineer, of Olasg(m% ob- 
tained a patent for certain iron dry-excrementVcloset-basiiis, they 
being oblong troughs with sloping bottoms, and a pipe at one end 
coming out in the street The dustman is expected, ever and 
anon, to open this pipe and fetch the matter away, and if it does 
not readily flow downwards by the inclined bottom and pipe, he is 
required to use a little rake and soratcb it out The invention 
has the merit of keeping the manure intact for agriculture ; bat 
as to its domestic value, we do not think any body would like to 
have such a trap in his house or neighbourhood, or wish to be 
that dustman. 

October 11, 1860, Mr. J. W. Rogers^ civil engineer, of 
tofcii, obtained a patent for a pneumatic scheme, consisting of iron 
pipes laid within the sewers. Ilie said pipes have branches connect- 
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ing them with the watercloeets, and, at certain diatances, are also 
connected with reservoirs placed under the pavement of the streets. 
Within the reservoirs are fitted filtering beds of peat-charooal, 
through which the water of the sewage is to pass upwards, leaving 
the solid matter below, when a vacuum is made in the upper end 
of it After having thus imparted its fertilising properties to the 
charcoal, the liquid is allow^ to run off in the sewersy while tlie 
solid matter collected l>elow is brought up by means of buckets, or 
an Archimedean screw. The main pipes within the sewer have 
lock-valves at certain distances, so as to divide them iuU> compart- 
ments, and thus to make a vacuum in any particuhir portion when 
stoppages occur. The [tatent has no drawing or dt^scHption ex- 
plai^ng the arrangements of thesti reservoirs, with their filtering 
beds; nor does it show how the discharge of the fluids into the 
sewers is going to happen ; and there is also not lung to point out 
how the solid matter is going to come out with an Archimedean 
screw. The buckets we all understand, hut think the police would 
object, Tlie general suggestion, however, of collecting fiiKUil mat- 
ter, and depriving it of the surplus fluids obtained in the water- 
closets, is good, and the invention would perhafw lie a first-ratti 
one, if the inventor hmi only shown us how it is to he (ioim* As it 
is, the inquirer is left to his own devices, and Mr. Ikoj^rs can have 
no claim on contrivances which outsiders art* expect ctl to invent for 
him. As to empKiying a vacuum cliandM*r and pipes, for the pur- 
pose of moving the fa?ad matter, tliat is not patentable, for reasons 
before stated. 

April 9, 1861, Mr, Francis Taylor^ of Honmy^ obtaiiunl a 
patent for the most wonderful inisle of d<*aling with sewage fier- 
haps ever imagined. Under the privy floor a turn-tahhi of ten ft*et 
diameter, moving upoll a central pivot, is pluc(*d in such a manner 
that the ffeces can drop on its outer part. Kaeh time the closet 
door opens the table turns a couple of inches round, so that ev«*ry 
new deposit may alight on some fn^sh place. The urine being 
considered wortidess, is allowed to run off’ somehow; hut the 
solids are expectKi to dry and cake in the circular ridge, which 
they, in process of time, form, and to become like guano, liaving, <is 
the inventor asserts, retaitje<l all their fertilising prop<*rties through 
not being decoinpiised ! To promote drying, artificial heat from 
an adjacent furmice is to be used. (Would not a small steam- 
engine, with a hot-air fanhlower, 1 h* preferable ? ) The pufsir is to 
be carefully picke<l out, washed, and scalded, and made up again 
into new paper, for writing down similar inventions. It would 
lie interesting to know how much 31 r. Taylor charges for the ufs.* 
of bis patent. 

February 18, 1862, Mr, M, A, F, Menn<m0i of Paris^ obtained 
a patent for a barrel into which the fiecal matter is to dfop direct. 
It is fitted internally with a triple metallic perforated tube, for the 
waste water, and around this is placed a filtering, decomposing, 
and absorbent mass, composed as follows: — Ist layer: equal parta 
crushed peat and calcined clay ; 2nd layer : equal parts sulphate 
of xinc and sulphate of magnesia ; 3rd layer: like the first, with 
addition of sulphate of lime ; 4th layer : like the first ; 5tb layer : 
like the third; 6th layer: like the first; 7th layer: calcined 

day, and carbonate cff lime ; 8tb layer : peat and sulphuric add. 
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In fiust, in 'diat barrel is to be put a whole apothecaiy’s diop. The 
iurmtor, however, leaves thoughtfully eve^one the liberty to ar- 
nuige the medioameuts to suit himself, which is fortunate, as then 
perhaps many can dispense with the whole affair altogether, and 
thus escape patent fees. 

September 22, 1864, Jfsssrs. T. and T. F. Walker, engineers, of 
Birmingham, obtained a patent for certain tanks, to be placed at 
the outfall of sewers, in order tf> let the solid matter therein settle 
by natural subsidence, leaving the liquid to flow off for irrigation 
purposes. The tanks are really very ingeniously arranged ; but, 
in common with all structures of this kind, incur the risk of being 
indicted for a nuisance wherever they are built, on account of the 
overpoweringly offensive effluvia they throw off. Besides/' the 
whole sewerage system for which they are designed is, as we have 
said elsewhere, objectionaVde on all accounts. 

November 10, *1864, Mr.J. A> Manning, of the Inner Temple, 
London, obtained a patent for collecting the sewage in water* 
tight ccisspools, in which is put a layer of dry seaweed and 
sulphuric acid. The faecal matter thereby deodorised is to be 
removed by a pneumatic waggon to a factor\% having a tank large 
enough to hold the town sewage of an average night. Thence 
it flows to ‘large iron evaporating pans, which are heated by 
furnaces. The pans are covered air-tight, and have agitators 
worked in them, to stir the matUir up and promote drying. 
Pipes lead the heattnl vapours thus generated to a large reservoir, 
somewhat like the hydraulic main of gasworks. From these they 
are passed (it is not half d(»ne yet) by means of a fan-blower, 
worked by a steam-engine, to a condenser, in which water is 
spouting up like fountains of spray. Tliis water is expected to 
absorb these vapours or gases, and then ran off to a hole in the 
ground somewhere, thus to be got rid of. (A critic at our 
ellww suggest.s, that the sewage li<|uids might as well have bcjen 
run off into that hole in the first instance, without all this trouble; 
but perhaps he does not understand.) The thickentHl mass re- 
maining in the evaporating pans is tapped off to heated floors 
of large rooms, for further drying, and the gases arising there- 
from are treated and condensed in a similar set of receivers and 
utensils as described above, but made not quite so large. The 
matter finally, after all these adventures, having become perfectly 
dry, is now smashed to powder by disintegrating machines, 
and sold, as the inventor hopes, for manure. Who will be the 
first to try this ? 

April 12, 1866, JIfr, P. IT. Schmkk, civil engineer, of Frank- 
/orf-ow-</te-Afa/?ic,Germany, registered as his invention an arrange- 
ment, somewhat lik^ that of Captain Idemur, with the exception 
that the 'town is to be divided into large districts, each one of 
which is to have a reservoir of suitable size, into which the main 
sewage pipes empty themselves and wherein a vacuum is maio- 
tained by an underground hydraulic pressure ^gine. The sewage 
thus withdrawn from the waterclosets is to be discharged and 
collected into large tanks for eventual agricultural use — in what 
manner, however, is not stated. This complicated and still in- 
complete inv^tion is not patentable, for reasons already stated ; 
and, bestdes. Captain Liernur placed, some three months previously. 



Mkitzubs’ SiWBE^oi Ststsm. ^ 135 

on record at the Frankfort Board of Works a description of his 
sjstein, with a request for its examiiiation» and urging its adoption. 

It is evident that all the above inventions comply only partidly 
with the requirements of the question, because they omit to pro- 
vide means of disposing, let alone of utilising, the material after 
having collected it. Thus, one patents tlie eoinbioation of a dust- 
man and a little rake, and having put it in <»peratitm, abandons 
that official to bis fat*? ; another fontrivt‘s to cnillect the iimtter 
into a subterranean chamber, and then leaves us to get it out into 
the street by means of buckets, or some si»rt of a screw ; a third 
lets the urine run off ‘ somewhens’ c«>lltH‘ts the solids on a round 
table, and lets them dry in a circle, but gives us t)nly sptH*itic in- 
structions what to do with the paper; a fourth puts the excreta 
into a large liarrei, half tilled with chemical compounds, but omits 
to siiy what to do with the horrid mess, aud there scetiis to be no 
way to get it out of tlie barrel exct'pt by smashing the whole con- 
cern with an axe ; a fiftli carefully sU^ws and cooks the matter, lets 
the water wliich has ubsorhiHl all valuable ingrcHlients, run off 
‘anywhere,’ and then hopes to sell the residin' for guain»; while a 
sixth collects, by means of u complic-jitt'd apparatus, fht' si'wage 
into large subternuiean tanks,!!! the hopes tliat somebody will tind 
a way to do something witli it afterwards, hi faet^aU ctmtrivi' to 
remove the (offensive matter fnuii the original place of ih'posit to 
nm»U»er, where it is a greater nuisance to the inhabitaids than 
before. 

18, Mekxies’ SEWKnAOE Ststkm, -One more system desc'rves 
nietitioii, timiigli it is ojipoMnl (<» tin* principh's of tin* first drainage 
engitieers of the c<»untry. It is that <»f Mr, Meuxies, who luw not 
80 much invented iis adopttsi it^ and identified hiiiiwdf with it to 
such an extent that it U»ars his name. He is opposiul, as well he 
may lie, to discharging fa»cal matter into sewers, preferring to 
keep these for what they were originally intended, namely, for 
rainfall and household fliiids. For the mrwage pn^per he lays 
down a sejMirate set of pil>e drains, in which the waterclosets 
discharge. The pipes are so small that their normal condition is 
to be entirely full, and that there is never room left for any gasl^H 
to collect. In case of stoppages, the matter hacks up, until a 
hydrostatic head is formed, which sweefis them away; and this 
force also removes any aiklitional fpiantities reipiiring t4) be dis- 
charged, by the increased spent of the current thereby generated. 

In this arrangement the evils of sewers ficting as conduits for 
fecal matter are, perhaps, soroc^what mitigated. Tliere certainly 
is but little chance for gases to collect, and, if formed, they are 
compelled to move downwards with the whole mass, by which 
means all danger of their upward escape in houses and streets 
is prevented. The manure becomes also less diluted, and more fit 
for general agricultural use ; but by no means enough to bear 
transport, or to be used on arable land ; for the least amount an 
ordinaiy watercloset uses, per head of population, still dilutes 
it with fully 100 volumes of water. The chief objection is, how- 
ever, the great fall which pipes convejring this more thickened 
mass must have, and the consequent great gradual depth of 
their location, unless constant pumping up to a new gradient is 



136 Vn. CiPTAW IdESKcs’g P5EtnuTic Sewerage System. 

^rted to. Both these metibods are expendfe, and still a con* 
drably steep gradient is tiie only ineAns for preventing or 
removing stoppages ; for the danger is, not that a lodgment is 
made by the sticky sediment on one spot, but along a more or less 
greater length, which will result in the gi^ual choking of the pipe 
over that entire distance, and which will canse a stoppage requiring 
more force and friction than the backed*up mass of sewage can 
give. • 

The editor of ‘Engineering,’ in bis impression of April 5, 
1867, alluding to this difficulty, says: 'If the hydrostatic head 
were on any occasion found to be not quite sufficient to procure 
the requimte rapidity of flow, there woulfl be nothing simpler 
than to aid it to any required extent, by producing a vahuum 
more or less perfect at the place of deboucbement’ We quite 
agree with this suggestion, for that virtually amounts to using 
Captain Liemur’s pneumatic system ; only we should say that, as 
steam power is to be used anyhow to keep the mass moving, or 
to collect it in tanks, surely the deep location and * gravitation 
gradients’ have become unnecessary, and might be dispensed 
with ; and also that the masses of water used in the waterclosets 
to wash the matter down be also either entirely left out or con- 
siderably rehifted ; in other words, that the new pneumatic system 
be adopted in its entirety, and thus a valuable fertiliser be saved, 
instead of the half-way arrangements of Mr. Menzies, the partial 
benefits of which are more than counterbalanced by the great 
additional expense of constructing a second gravitation and 
water-carriage sewerage system, at equal depths with the other, 
and labouring under the same financial and technical difficulties. 
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VIII. ADVANTAGES OF PNEUMATIC SEWERAGE- 

Compared with sewerage by waterAjarriage and with all the various 
transport systems hitherto in use» Captain Lienuir^s pneumatic 
method of removing faecal matters, and his subsoil application of 
the same, offer many remarkable adviuitages, which we shall now 
shortly point out- 

A.--TECHNICAL AIWAXTAOES. 

1. No Waterworks REQriRED. — The pneumatic pressure beinj^ 
more than sufficient to remove all faecal matters, together with any i 
foreign substances occasionally thrown into privies, there is no \ 
daily waste of water, as with the watendoset arrangement. Con- i 
sequently, many a town will find the water at hand quite enough 
for drinking, cooking, washing, and all other purpost^s and thus l>e 
saved the necessity of proviiling waterworks ; or, if ^uiy shmild In? 
required, they may bt» executcKi on a much smaller scale; and, in 
cases of superfluity of water, it may mon» advanUgeously be used 
to provide public baths for the poor, irrigate the streets, 

The * Economist’ of Kebnuiry 23, 18(>7, furnishes the following 
interesting particulars of 
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By way of comparis(»n lengths of other aqucniucts are given, 
viz. ancient Rome, Anio Novus^ 59 miles, New York, 40 miles, 
Rio de Janeiro, 3 miles. At Vienna, a few years ago, a proposal 
was made to obtain a water supply from the foot of the Shimmering 
pass by a conduit 40 to 50 miles long, and estimated to cost some 
1,600,000/. 

* The mere thought of such stupendous works,’ says^ the above 
paper, * is enough to make us doubt the possibility of their ex- 
ecution.’ And yet surely something or other must be donet, as 

* Mr. Iawm, one of the Roral CkmunimioD of Inqmiy, Apc., in the Jonmal of the 
Boyal AgricultiinJ Societj, toL xsir, |)t. 1, epeake of the deeimhilitj of diminiehinSf 
wh<»rerer po^hle. the einotmt of water need for leweruM pnrpoeee ; and Mr. Menxiei, 
in hie wotk jnet pnbliehed, reoommeiids the adoption of a aMial plan of drainage by 
water, for the rcaeon that it ie more economicel of that eletteat. We hare stated 
in page 135 what thia plan ia. 

t And 60 milfiona of ^lons daily to other towns on the way. 

\ Eadnsire of the deureiy of the water at bi|^ lerel. 
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Ym. Adtajttagss of Pkeumatig Sswesage. 


Her Majesty's speech, on opening Parliament, contains the follow- 
ing important passage : — 

* IgaHmiLtiiig as of the highest importance an adequate snpplj^ of 
pare and wholesome water, 1 have directed the issue of a commission 
to inquire into the best means of permanently securing such a supply 
for the metropolis, and for the principal towns in densely-populated 
districts of the kingdom.* 

The present moment would, therefore, seem most auspicious for 
the metropolis to take the question into serious consideration, 
whether the enormous waste of water caused by the existing sewer- 
age system is to be kept up in future or not A plain answer to 
this plain question may save millions of goo^ English money 

2. Ubinb CLEA^'S THE PiPES, and is the only fluid required 
for that purpose, being constantly supplied free of expense, never 
freezing in winter, nor getting scarce in summer — difficulties 
which often enough seriously interfere with the watercloset ar- 
rangement^ as almost every householder knows, by sad experience 
of pipes burstiag tbrougb frost, or glutting chokM througb failure 
of water during a dry season. 

• • 

3. REDUCEn Bhlk of Matehtal. — T he main-pipes being made 
of the same size as the brancli or house-pipes, the quantity of 
material is considerably reduced. The sewerage by water system, 
on the contrary, strictly requires for each additional branch sewer 
a corresponding increase of tlie main conduits. 

4. Saving in Foundations. — T he pneumatic pipes being so very 
light, in ordinary ground no foundations atsall are required, and 
in shifting soil a light concrete btnl at tht^ most will suffice. Ikick 
sewers, on the other hand, demand in any case the utmost solidity 
and stability of foundation, to prevent cracking of masonry; hence 
most careful examinations by boring, vtc., must be made to find out 
the right strata for such foiuidations, all of which expensive work 
is avoided in the other case, 

5. No Cracking of Pipes occurs in the case of subsidence of 
soil, a danger to which tubular potter}' drains and heavy brick 
sewers are constantly exposed. 

6. No Ventilation Shafts nor Manholes are required in the 
pneumatic system, because ventilation is most efficiently effected 
by the daily pneumatic process, and no inspection of iiitenial parts 
is ever necessary, fur the simple reason that there is actually nothing 
to inspect.* 

7. Pnbumatio Prbssube working in all Directions, no other 
care need be taken in laying the pipes, than that a sewage column 
never rises above fifteen or sixteen feet, or half what the atmo- 
spheric column would hold in equilibrium. Even this would 
happen only in extreme cases, as in most towns an undulating 
surface can be so divided that aJl reservoirs are located ^ the foot 
of grades. 
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8, No COSTLY Gradients are tiierefore required, the pipes fol- 
lowing inYariably the natural undulations of the ground, very 
unlike water-carriage sewers, where gravitation is the luiitivo 
power. The pneumatic pipes are laid just like common gas pipt^, 
as they do not much more than skim tiie ground, the grtMitest 
possible advantage being taken of even a partial decline of plane, 

9, An easy Auonment is thu^ gained for pneumatic pipes, 
compared to other sewenige conduit^ whicli require an imbrokeu 
equal current to prevent sediment, and can afford any variation 
from a straight line only by means of a circle of large railius, 

• 

19. No DEEP Excavations are iu‘eded for pneumatic seweragt' 
works, nor any tunnelling or interftTence with foundations of 
buildings or cellars, all of which rentiers the et)ust ruction of 
gravitation sewers often so very ditficult and expensive,* 

11. The Uprooting of Pavement requin*d for the shallow and 

narrow cutting sufficient for piuaimatie pipes is insigniffcant in- 
deed compared witli that <»ccasiiui(*(i by gravitation s«*wer works, 
an immense advantage to the public traffic in crowded streets and 
thorouglifares. • • 

12. (iREAT Dispatch of Execction is securetl by tlie |>rece<l- 
ing advantages ft>r sewerage works act'ording to tin* pneumatic 
system, which should etTtainly be a great indue<‘imfnt to towns 
suffering untler the evil effects of imperfect draiiuige. 

13. GiiAnrAL Introditction of the pneumatic system may Is* 
effected l)y dividing a town into independent Heeti»>iis, beginning 
with that part most anxious for the im|»rov(unent, and griwlually 
extending it from one section to another, as local circumstances 
may suggest. The case is quite different with H(*werage works 
for water-carriagt*, which of course can only he undertaken afU»r 
one single cjiuprehensive scheme, to which everything else iimst 
yield. 

14. Great Simplification of Drainage may ])e obtained, when 
all fa*cal matters and the water hitherto use<l in waterchwets 
no longer enter the sewers, which thus have to carry off only the 
household wjiste water. Sewers then may, of course*, he made much 
smaller and cheaper, and their contents discharged into rivers 

* Illiuttriitivii of the dangfrM incumid ih uti accidmt hy tlio ' Erening 

Standard,* of May 8, 1867. follow* : — 

*An a£(*id<'Dt (ic(*urn;<l thi* aa4'mo<in at the ftewemgf* Wfirka heing earritd nn in 
Southampton Row, Holliorn (fomifrl- King Hin-ot), which very fortunstoly won un- 
att 4 >nded by loaa of iif^, or even h<xlily injui^, to th#* many hunidrodii engagtxl on the 
worka. It would appt^ar that the engitiet^rs of the* Mowemge and gaa works buvt? 
always experienced grtiat difficttlti<w in can 7 ing out tlwdr plans when this strsf?! was 
incioded in them, in coiistx|ttencc of the immense number of raulU of an ancient date 
which bad been built from the difl'er<*nt private bonaes on both sidiM of the street, and 
which nearly in the centre. So great, indeed, was the dilAcnlty of carrying on 
the ooceasary works in consequence of theM) obstructions, that considerable eaiamse 
was incurrod in order to avoid that which has now taken place. Whilst the men were 
away from that portion of the sewerage works, some of the before*ment toned vaults gave 
way. which carried with them the shftrtng supports of the seweragi’ works, and caused 
a falling in of from 1,000 to 1,200 tons of eastb and atones.* 
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without danger to public health, passing at the most through 
basins to drop sediments. 

According to Captain Liemur’s plan such house-water sewers 
should be laid, following principally the natural lines of drainage, 
such as the topography of the town site directs. Simple potteiy- 
ware tubular drains may, in most cases, be advantageously used, 
placed in the ground no deeper than necessary to protect tbem» 
against frost, so that they are in no danger of being cracked by 
the weight of the soil. Where the little house-drains enter the 
street sewers, a sediment-cesstrap should be placed to collect all 
matters which might cause stoppages. By placing a 12-inch pipe- 
chimney just over this sediment-cesstrap, an easy access is secured, 
and any obstructions may be removed by means of a short scoop- 
ing tool A stout cover closes this chimney, and is only taken up 
to remove sediments. About every 100 yards a 4-inch pipe should 
be connected with the sewers and run up to the roof of the nearest 
and highest house, away from bed-charnbers ; this arrangement 
giving ventilation amply sufficient for the very few gases evolved. 
The house-pipes, before entering the sewer, should have two 
or three dips or inverted syphons acting as hydraulic traps. 
The rainfall might be conducted entirely away by properly graded 
side gutters, fising the rain thereby as a powerful agent for cleaning 
the surface of the street. 

By way of illustration, Captain Liernur states in his notes that 
he has even sometimes regraded several streets, giving the side 
gutters such an inclination that the rain&ll would speedily flow 
away without inundating any lower places. This natural expedient 
is certainly preferable to undermining streets with large sewers, 
which are always very costly and difficult of access ; and the ex- 
periment alluded to gave entire satisfaction.^ At frequent intervals 
in the gutters, little sink-traps of brickwork are placed, about one 
foot square and two feet deep, covered with iron grates, with bars 
laid transversely to the gutter line, for catching all drift carried 
by the rain-current When the streets are steep, such grates are 
placed at proportionally shorter intervals, and the bars of the 
grates are made to project considerably upwards, which arrange- 
ment Breaks the current and collects all the filth. Streets so 
drained keep themselves constantly clean, the rain acting as an 
excellent scavenger, especially if, as should be done in every well- 
regulated city and town, street* sweeping machines are used for the 
regular daily removal of all dust, horse-dung, and other street- 
dirt, so that no slush can arise on a sudden rain setting in. These 
street-sweeping machines are now constructed to such perfection 
and efficiency, that they are well calculated to supplant the old- 
fashioned hand-brooms still so much in use. 

This siVnple arrangement is surely an improvement upon the 
rather fooli^ plan of collecting street grit and dirt into sewers 
thirty to fifty feet deep, and then bringing it up, with the greatest 
dlffic^ty, to the surface again, by means of scraping, cutting, and 
hoisting up through most expensive manbole-shaftB, and finally to 
remove it with waggons as the only means left to get rid of it. As 
waggmia are need^ anyhow to remove ashes and other household 
rubbish, they may just as well be so (nganised and managed as to 
clean out the gutter tn^ at the same tim^ thus taking the rdiise 
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matter out of a depth of only two feet, instead of fifty feet, as 
with the other arrangements. 

15. Ditbabilitt of Matbbul is another great advantage of the 
pneumatic system, as we have stated more fully already, at page 
121, the iron of the pipes and reservoirs being fully protected in 
<»the inside by the fatty substances of the excrements, and on the 
outside by a strong coat of lacquer^or similar substance. 

16. Facility of Repairs is likewise fully secured, the sub- 
terranean parts of the apparatus lying so near to the surface of 
the ground, that if ftiy stoppage should occur, it can easily be 
detdbted and amended, without interrupting the street traffic. As 
the whole machinery, however, is exceedingly simple, repairs will 
be but very rarely needed. 

17. Saving of Labour and Time, to a considerable extent, i« 
obtained, compared with any Fn»nch * fosst^s mobiles, * or (lerman 
‘ abfuhrtonnen* system, which all retpiire two or three lalmurers. 
who ring a IkjII, w’ait for admittance, and then, if not sent back 
to call again at a more convenient time, filially enter, unfasten, 
inspect, refasten, hoist and driig a heavy barrel ovA* narrow stair- 
cases and passages, often with considerable noise and profane 
language, all inside a private dw^elling, and often in the night ; 
after which they create a similar disturbance in the street, by 
placing the barrel on a waggon — the whole annoying operation 
often consuming at least half-an-hoiir for a single house. Ily the 
pneumatic system, on the contrary, two men during the night 
move quietly about a street, turning a number of house-valves, 
whilst an engineer is* tending his apparatus, which works with a 
stifled blast, and emits neither smoke nor sparks; tht*He thrive 
men emptying ^ind thoroughly cleaning the privies of some sixty 
to one hundred houses, all in the course of half-an-hour or so, 
without the inhabitants even becoming aware of the operation. 

18. No Entering of private Dw^ellinos is therefore refjnin d, 
either by day or by night ; certainly a great point gained for the 
refined an<l sensitive, as thereby a most necessary but always 
disagreeable business is nightly done, without the inmates of a 
bouse ever having their attention culled to it. 

19. A daily Removal of F-ecal Matter is thus rendered practi- 
cable, which, for efficiency and regularity, is imt ecptalled liy any 
other plan. It is true that sew^erage by water-carriage also efiects 
a constant removal of fsecal matters, but only at a fearful cost to 
health and to the agricultural interest, as is, we think, sufficiently 
explained in other parts of our treatise. 

20. Thb Dwellimgs or the Pooh are easily dealt with, by their 
sharing in the benefits of a daily inoffensive removal of fsKsal 
matters, no expensive waterclosets nor high water-rates being 
required for the purpose, and no uneban habits being ever able 
to disturb tbe pneumatic process, after the privies of their dwell- 
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ings are once properly constructed and duly connected with the 
subterranean pipe and reservoir system. 

21. Smallest Bulk for Transport. — All other systems, with the 
exception of that of Messrs. Eichhorn, Udder, and Thorwirth (see 
page 103), mix water or some deodoriser or other with the excre- 
ments, increasing of course considerably their bulk, and conse- 
quently the trouble and expense of removal ; requiring besides, in 
many cases, the transport of the deodorisers themselves to a house, 
and also of the * fosses mobiles* and ‘tonnen,’ going continually 
forwards and backwards. Now all this is different with the pneti- 
matic method, which collects and removes the excrements only, 
and nothing else, reducing the transport, therefore, to the utthost 
possible minimum. 

22. The shortest Hall in Transport is secure*d by the pneu- 
matic engine and tender taking, of ctuirse, the nearest way to and 
from a given reservoir ; whilst the water-carriage system, on the 
C(»ntrary, is geperally compelled to choose the longest haul from 
one extremity of a town to the other, as the gradients of sewers 
and other reasons may dictate. 

23. The shortest Lift is also obtained of always collecting ex- 
crements as near as possible to the surface of the ground, instead 
of first throwing them into deep sewers, and then often lifting tliem 
up again, together with an enormous nuiss of rainfall and other 
water, by means of most expensive pumping-stations required by 
new gradients. 


Ik FIXANCLVL ADVANTAGES. 

That the pneumatic system, owing to its gi*eat simplicity and 
strict obedience! tt» the laws of nature, is immensely cheaper lluin 
any other hitherto tried, will be maiiift'st to all unbuissed minds ; 
we n)ay therefore limit ourselves to calling attention only to the 
following main features ; — 

1. Satincj in CoNsrraTTiON to an enormous extent is effected by 
dispensing with special water-works, dei p excavations, conse(|uent 
interference with foundations of existing buildings, tunnels, man- 
holes, ventilating shafts, pumping stations, difficult and costly 
gradients and radii, uprooting of large surfaces of pavement, con- 
sequent long disturbance of public traffic in streets and thorough- 
fares, and many other difficulties, altogether unavoidable in the 
construction of sewerage works for water-carriage. 

2. Saving in Material and Machinert. — The pneumatic 
sewerage-pipes and reservoirs being all made of iron and of small 
sixe^ their cost is very cheap inde^ compared with the immense 
outlay of capital called for by heavy brick sewers, or tubular 
pottery drains, this difference of course increasing with the sixe of 
a town ; especially when it is considered that the whole expensive 
machinery of waterclosets, * fosses mobiles,* ^ tonncn/ and other 
complicated contrivances, is also entirely done away with. 
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3. Satiko ih Repairs. — ^T he material used by the pneumatic 
qrstem being of an almost indestructible characteri protected as it 
is inside by the fatty substances of the excrements themselves, and 
outside by laccpier or other chemical preparations, combined with 
the exceedingly simple construction of all parts, will make repiurs 
of but rare occurrence, or, if necessary, of easy, rapid, and cheap 
execution. 

• 

4. Sating in Drainage. — By keeping faecal matters entirely 
out of sewers, draining off the rainfall over the surface of streets, 
and providing simple jM>ttery tuWs for household wastewater only, 
and nothing else, an immense sum of public money may be saved, 
hitm^rto often quite needlessly spent in old-fashioned cumbrous 
drainage works. In towns where sewers already exist, they are i»f 
course used for carrying off the rainfall and household waters, 
thus saving the expense of laying new pottery-tubes. 

5. Saving or Labouh and Time. — When, according to the pneu- 
matic plan, a single engineer, with his engine and tsnder, and only 
two assistants, is able to carry into cdfeet tht* thorough daily 
sewerage of a group of some sixty to a hundred houses, and all in 
the course of half-ati-hour or so, whilst conumm trflnsp(»rt systems 
ro(juire labourers ttj enter periiMlically every single house for 
cleaning cesspools, or iiispe<*ting, removing, and nqdacing ‘ fossc^s 
mobiles,’ or barrels, it must strike everybody tliat an enonntms 
amount of labour, wages, and time, which is also money, is Kave<I 
by the new method. 

C\ Saving op llAri., ano Lift. — If not only all water, 

but also all <leod<»riaers and chemical messes are ke[»t out of 
privies, the removal of their contents is necessarily irnmcnM<*ly 
cheaptmed by reducing them to tht? smallest possible l>ulk, which 
besides is taken away by tlie very shortest haul and the smallest 
possible lift, and not in some expeiisivt? round-about way, or out of 
great depths, as with tlie other systems. 

7. Saving in MANirrArirRixo Manitre. — The new system un- 

ceremoniously using living human bodies as ehemieul retorts for 
manufacturing constantly an nmululterated, uiiiversjd fei*tiliw?r, 
<»f course all the vast expeiuliture is save*!, hiflurrto so foolishly 
lavished on poudrette and other artificial manure factories, inun- 
dation works, and other impotent attempts to evade the laws of 
nature, and extract stinlxtarns from a ciiciimber ; all of which 
attempts, by the stern logic of frKrts, must invariably show a 
balance on the wrong side olf the ledger. • 

8. Saving of National Wealth. — The chief point, however, 
gained by the pneumatic system, is the saving to agriculture of the 
enormous aiiiount»of manure which has hitherto Wen thrown info 
rivers and the sea — some 5(K),0(K)/. a year for every million of 
persons, or l,500,000f, fur a city like Wndon, or 10, 00(1, (KK)/. a 
year for all the towns of the United Kingdom; to which must yet 
be added the millions upon milliuoi needlessly drained out of the 
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land, by importing goano, bones, and other fertilisers, together 
with immense quantities of brea^uffs and other articles of food 
from abroad. 

C. SAXITAKY ADVANTAGES. 

Those who with an impartial mind have examined the various 
sewerage and utilisation schemes described in our preceding pages, 
and compared them with the pneumatic system of rendering 
human excrements useful instead of detrimental, will readily 
agree with us that also, in a sanitary point of view, the new 
method carries off the palm. It may, however, not l»e amiss to 
point out, in a few words, what sanitary advantages really* are 
gained by this improvement. 

1. No Contamination of the ATiiospiiERE. — Tracing the process 
from the very moment excrements are produced to the time they 
arc applied to agriculture, we shall see that not the slightest 
chance is give® for noxious gases to escape. Faecal matter dis- 
charged into the privy-funnel drops at once down to the bend of 
the perpendicular pipe (see page 119), without being able to soil 
its sides, on *a<Scount of the projecting lip, or the form of the 
liasin. Within this bend, a surface of five inches diameter only is 
exposed to evaporation during an average of not more than twelve 
hours, in which short time, instead of fermentation setting in, a 
mere watery vapour arises, which, confined by an air-tight privy- 
lid, is carried off through the ventilator over the roof. It is 
during this time, when the matter is yet comparatively inoffensive, 
that it is allowed undisturbedly to collect. But when enough has 
accumulated to make its presence disagreeable and dangerous, and 
to call for active measures, it is most vigorously dealt with. And 
this occurs at night-. After being artfully huddh^ in a small 
compass, it is ui)on a given signal sw’ept, even to the last morsel of 
it, with the speed of lightning and the concentratetl force of thirty 
tornadoes, through subterranean pfissjiges to the air-tight street- 
reservoir, the house-valve shutting lM?himi it. Without loss of time 
it is then forced with the same lu^adloug specni and irresistible 
power into a hermetically clost*d tender, which when filled is 
without delay carried off to the decanting stations, where the 
matter is immediately transferred to air-tight barrels. These are 
then hurried by railw^ay or steamboat to the country, where 
ploughs are already prepared to plough it into the earth, or put it 
under the sod barely twenty-four hours after its collection. 

2. No Poisoning of Wells. — Both subterranean pipes and 
reservoirs being made of good iron, no percolation or hltratioo 
whatever can place, such as must invariably occur with cess- 
pools and sewers, even of the mort solid masonry^ which, as has 
been explained before, always succumb to the destructive chemical 
agency of certain ingredients contained in fiecal matter ; allowing 
thereby the most noxious liquids and deadly gases to penetrate 
the soil and gradually to poison all surrounding wells, cisterns, and 
other subterranean water-receptacles, to the most serious injury of 
public bealth. 
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3. No PoixmoN or Ritbbt, HarboukS) and the Sea. — The 
poeamatic rystem entirely doing away with the practice of 
throwing sewage into rivers, harl)ours, and the sea, the terrible 
consequences of this folly, which we have deAcrilnnl at length in 
another part of our treatise, are of course also avoided. 

4. Prevention or Endemics ‘and Epidemics. — It is evident 
enough that by keeping not only the atmosphere, but also all 
water in wells, rivers, and harbours undefiled by fiocal elements, 
a great point will be gaine<i by gradually eradicating the very 
germs of many endemic agues, fevers, and other diseases, and pre- 
venting, at the same •time, the hitherto but t<H) frequent recur- 
rence of dreadful epidemics, such as typhus, cholera, 

5. No Propagation of Tapf. or Entrail Worms, et(\ — Prof«»s- 
sorCarl Vogt of Geneva significantly ascribes the freijuency of the 
tapeworm in Switzerland to the disgusting pnurtice, almost uni- 
versally, followed in that country, of manuring fields, meadows, 
and gardens, by simply spreading htiiuau exoreiuents over the 
surface, without even using any disinfectants ! L(‘tfuce and other 
vegetables are thereby of cvuirse polluted, the micn>scopic eggs of 
the tapeworm, &c., mlhering to the Univcs, and thua entering the 
intestines of the unsuspecting consuincrs of such food. Dr. Volg(*r, 
in his work ‘ Die Krdt‘,’ vol. ii. p. states also that in some 
parts of Switzerland a certain species of tapeworm is met with, 
peculiar only to the Sclavonic rat‘e, and thinks it most liktdy that 
it was transplanted by Polish refugees, who frotn tin* time of 
Kosciusko have ever found a home in tluj Aljis. It is obvious 
enough that such a pernicious propagation of tapeworms, ttc., 
cannot take place, if h«inan manure, instead of being applied to 
the surface, is pr<iperly ploughed into the ground. 

6. Prolongation or Average Diration ok Like will be the 
natural consequence in certain cities, and even countries, hitherto 
suffering by endemic and epidemic diseases to such a degree, that 
the annual number of births was often nearly e(|ualled by that of 
deaths. 

7. Cleanliness of the Dwellings or the P<k)R,— It is well 
known that watercloscts are too costly for the poorer classes, ou 
account of their more or less complicated valve gear, which by the 
careless handling of the ignorant, the awkward, and children, 
easily gets broken. Besides, being wholly ineffective without 
water, they become, among those who cannot afford a lil>eral 
supply of this luxury, but too soon a complete nuisance. With 
the pneumatic system, on the contrary, the removal of the fa*cal 
matter, and the consequent cleansing of the privy pipe, is as regu- 
larly attended to in the dwellings of the poor as in those of the 
ric^ it occurring nightly without tlieir let or hindrance. It is 
actually the interest of the sewerage works to connect them with 
the system, on account of the valuable manure thereby addi- 
tionally gained ; and thus a practice of cleanliness will be enforced 
and kept up in just those parts of a town which generally prove 
the hotbeds of cholera and all other epidemical diseases. 

L 
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8. No SUFFOCATIHG OR BLINDING OF SEWERAGE LABOURERS* — 

Let our readers turn again to the scene we have described on page 
125, of a ‘ pneumatic’ engineer, tending his engine in the open air, 
and two assistants moving along the streets to turn a /lumber 
of house valves for seweraging some sixty or a hundred houses at 
a time ; and then glance at the terrible fate of a poor French 
^Vidangeur,’ who, on entering a •pestilential cesspool or sewer, is 
sometimes blinded by Ma Mitte,’ or struck down dead by Me 
Plomb’ (see page 87). Let our readers look at that picture and 
at the one presented by the pneumatic system, and then frankly 
say which they consider most in accordance with the spirit of an 
enlightened age.* ^ 

9. Preservation of Fish in Rivers. — The pneumatic sewerage 
system not only tends to protect and prolong human life, but its 
blessings are aJso shared by the animal creation. Thus, for in- 
stance, fishes are preserved in rivers, as the oxygen in the water, 
so indispensable for their respiration, is no longer absorbed by the 
decomposition of organic matter. 

10. Prevention op Cattle Diseases. — Captain Liemur’s new 
manuring system enables a * progressive ’ farmer to send his 
cattle in future to graze on meadows not polluted with putrefying 
faical matter, so that they need no longer ‘ turn up their noses,’ or 
‘ get off their feed.’ That by such improved diet many a cattle 
disease will be prevented, certainly no intelligent man will deny. 


• Pkath from Noxiorfi 0asr8. — Mr. C. Jowison, jun., deputy coroner, held an 
inqueet on Saturday, at the Ivy Hotel, Barkcrrnd Koiul, tm the body of Abraham 
MaxSeld, twenty-four, who died on Friday eveninff, in a tank on the pri'miaes of 
MeeerM. J. & W. Qamott, w*oret<Hl Hpinuers. Jaine* Maxtield, hie eon Abraham 
MaxSeld, and Wm.,and John Audereon, were on Friday evening? engafttHl in emptying? 
a tank of nijtht noil, received from eijrht privies connectwi with a Khtni on the promiws 
of McBMra. Garnett. The tank in bcneatli tiie irnmud, wiitt moven ft>ct <li^p, and roiiolu'd 
thiHiu^h n man-hole. Tlicy had Uh^ii en|[tttF(‘d for aome time in lading the night soil 
out of the tank witli ladlea which hod long haiul)c$i, and when the night soil had lieen 
radueiHl to about two fm*t in depth, Abranam Maxtield entoreil the tank in order to 
expedite the procoan by Ailing a bucket, for hia aeHociatea to pull up tlirougli the man- 
hole by moana of a rope. He made the proposition, in tlie exinrution of which hia 
companions eeemtKl not to aua{H)ct anv involved danger. He went and changed hia 
cIotheN, and then, returning, dtnttM'ndtti) through the manhole into the vault licmath. 
He had not l>een there mow* than two minutea liefore he was heard to stumble. 
William Anderson, then in appnhonsion, immediately threw his coat off. and enterv^ 
the tank in ord^r to rescue Abraham MaxAeld, but, although lioth were heard appa- 
rently on their ieet, they soon fell in the tank. James MaxAeld then put a rope down 
into the tank and Wm, Anderson seized it. and ho was dragged through the manhole 
to the surface. This proccMW was effected with diiAculty, for it was thought that 
Abraham MaxAeld had laid hold of his legs. Abraliam MaxAeld could not be recovered, 
and he fell down dead in the night-soil. The body of MaxAeld was recovered by Joseph 
Midgley in aliout half an hour by means of a cual-rake. His death had been caused by 
tlie sulphureted hydrogen gas at the bottom of the tank. William Anderson, who was 
fortunaUdy resemd by a great effort, had a narrow escape from the same cause. James 
MaxAeld also attempted to enter the tank in order to make an effort to lecoTCf his 
son, but was fortunately prevented by John Anderson. The witnesses said that no one 
had ever entered the tank for the same purpose, that they had no authority to do so, 
and that the deceased entered of his own accoi^ The juiy retnmed a vmdict of 
* Accidental death.’ Tlie deceased leaves a widow and two children. — Bm^rd 

Obserrer, 21st March 1867. That sewers are no better than cesspools, with respect 

to the diuBger ineumd by those whom dire want compels to labonr in them, is proved 
^ the death of four men in the newly-bnilt Fleet sewer, London, on ^e 8th of 
Fflhraaiy* 1861. Three of them unfortnnates were snffbeated outright, whilst the 
iburth wns drowned.— London Medical Times, February, 1861, psge 176. 
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The outbreak of rinderp^ especially^ that dreadful acourge ao 
often rapidly diminishing national wealth by mining farmers, will 
no doubt be at least partially prevented. There are various ab- 
stmse simulations and far-fetcheil theories on the origin of this 
strange distemper, which, on the whole, must yet be considered an 
open question in scieikce. The fountain-head of cattle plague has, 
by some writers, been traced to the steppes of Russia, near the 
banks of the Wolga, Don. Dniestr, and Dniepr. The first his- 
torical records of it tiatt* fn»in the jjreat migmtion of nations after 
the fall of the Roman empire, and from the times of Charlemagne, 
whose warlike exf)editions were instrumental in propagating it to 
various parts of Europe. • 

Tl^ old-fashioned practice of manuring meadows on the surface 
with human and animal excrements, no doubt tends much to spread 
rinderpest when once brought into a ci>untry, because*, when faecal 
matters are thus exposed to sun and air, as stated «*lsewhere, im- 
mense volumes of microscopic infusoria and fungi are (levolopt*d, 
the germs of wliich are e<q»iously inhah‘d by the unfortunate 
ciittle grazing on such polluted grounds, and thus both their blood 
and lungs art* poisoneil. • 

The ‘Times’ of October 27, IHfifi, says: — ‘The cattle plague is 
all but “staiiip(*d out.*’ There have been more* than a^cpiarterof a 
million attacks ; in<»re than poor animals have diinl, or 

have lM‘cn killed, and only about .Tl.tKH) are known t(» have n*- 
covere<l. The total loss to tin* evjuntry must b<* nearer four 
millions than thrt*e, and (’heshire ahme must have, suffered to 

nearly the amount of a million In the middle of last 

century a very similar plagm* hung about the island for twelv** or 
fourteen years, indeed for lialf the reign of (leorge 11., anj there 
is no reas(»n to fbitter^ ourselves that we art^ now better prepared 
against an annual return of the plagiu? than we wen? in those 
days.’ In the Netherlands, the cattle plagm* of 1865 is estimated to 
have caused a similar loss of some 2,00<),0()()1. 


D. AGRK’ULTUKAL ADVAXTAGICS. 

1. Undilitted Sewage. — Professor Way, one of the most promi- 
nent and active memlnTs of the Royal (’ommissiou of Inquiry, 
speaking of the lx*st mrsle <»f utilising sewage, s/iys : — ‘ There is ' 
no doubt that, if you could obtain the urincjand thefieces together 
by any possibility without the wat^fr fuse<l hy water-carriage 
sewerage), you would have a most valuable manure.’ * 

Mr. Lawes, a mem her of the same eommission, and under whose 
management the extensive irrigation experiment at Rugby was 
chiefly made, very justly observes: — ‘ No one doubts if tbe sani- 
tary requirements of the nation could be obtainexl by any system 
which would preserve the excrements of the population free from 
admixture with water, and present them for use at once, undi- 
minished in value by decomposition, and in a portable and in- 
nocuous condition, the land of the country devoted to tbe growth 
of human food might be greatly increas^ in its productiveness. 


* Coromitti^ lU^port of 1862, |)ag» 46, answer 92S. 
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The question of the sanitary arrangements of our houses was 
taken up by our engineers before agricultural chemistry was 
much studied « . • . ; but it must be admitted, that no feasible 
scheme has yet been proposed by which this could be^accom- 
plished without the use of water. Such is certainly a great 
desideratum, but perhaps a consummation more to be wished for 
than expected^* 

Neither of these undoubted authorities upon*the subject before 
us seems to have dreamed that what their profound knowledge 
told them was the real thing 'wanted, and what they considered 
so great a desideratum, should after all be within easy reach. 
Captain Liernur’s Pneumatic Sewerage System actually provides 
. for agriculture what these learned gentlemen so emphatically call 
for, namely: — 

1st Urme and faeces united. 

2nd. 'Without admixture of water. 

^rd. Undiminiehed in value hy decomposition. 

Ath. In a portable and inriocuouB condition. 

The air and water-tight manure barrels elsewhere described con- 
taining the real, undiluted, unspoiled article, fluids and solids 
together, ari delivered to the farmer in a portable and perfectly 
inoffensive condition, ready for immediate application to bis fields, 
only some twenty-four or thirty hours after the matter has been 
produced ; that is, long before fermentation or decomposition can 
set in. 

2. Manure, hoist but unleachep. — All intelligent farmers 
and well-informed agriculturists, unless infatuated with the pet 
project of swamping lands with volumes of dirty water, know the 
maxim, that manure should always be moist, but never leached. 
Now this moisture, so indispensable to the roots of the plants, 
nature has provided in just the right proportion in human excre- 
ments, in the shape of urine and other watery parts, constituting 
fully 90 per cent of the whole fsccal mass. These liquids hold in 
solution the fertilising ingredients in just that exact state of 
fluidity which is necessary for their absorption by the tender root- 
lets of plants, when the manure is placed in the soiL 

3. Fertilising Gases. — Soils, as we all know, consist of organic 
aud inorganic parts ; when heated to redness, the first burn away, 
whilst the other remain. The oiganic parts are animal and vege- 
table matter in process of decay, but not yet wholly decompo^, 
and consist always of what chemists express by CHON, namely, 
carbon, hydrogen, oxygen, and nitrogen. 

In a poor, worn-out soil veiy li^e of these gases is present, 
which yet are indispensable for the increase or multiplication of 
seed, constituting, in fact, the nutritive elements of our harvests. 

It is true that the principri volume of these elements plants absorb 
out of the atmosphere by means of the leaves; but a certain 
quantity is also required in the smi, to mix with other ingredients. 

In a new and rich soil, there is a larger amount of these fertiUs- 


* Agrimltiind JomiiAl, tol. zxhr. put 1. 
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log gisea, often some 10 per oent, and sometimes even as muoh 
as 20 per cent So mneh, however, is not neoessaiy, many pro- 
duetiTe^ so-called light or open soils possessing only 3 per cent. 
Less, bowevw, will not do, as crops, to flourish well, must not be 
compelled to obtain all their nourishing elements out of the 
atmosphere only. 

* 

• 

4. Storing Manors in tub Soil. — Organic matterB in soils 
pass through successive changes before being entirely decomposed 
into their original elements, or merged into new combinations 
necessary for the growth of the plants. Hence time is required 
for tBis chemical action to take place, and this is the reason why 
direct application of manure to the roota is hurtful to vegt^table 
life. To be really useful, manure must be stort^d in the ground 
some time before it is actually wanttd, which is also beautifully 
and completely eflFected in the agricultural system here described, 
as we shall presently demonstrate. 

During tlie process of organic decn}^ oxygen is taken in and an 
acid formed, which, by the mldition of more oxygt*n, changes again 
into other acids, called orgiuiic acids, of which agricultural cheinista 
distinguish no less than five, viz. kuviic^ ulmlc^ gcfc^vrenie^ and 
aporiYni^ ttcUh, Part of the inorganic or rnimTal ingredients of 
the soil is also taken up by the plants, forming their stems, fibres, 
and husks, and furnishing building material for the vesicles, which 
contain the nutritive elements of the fruit or seed. Without these 
minerals, no plant am possibly grow or yield a crop. 


5. Analysis of »Soiii<^— To show the i)roportion of the various 
ingredients of soils, we present below an analysis, as given by 
Professor Johnston : — 
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Or^nic matt4*r 

Silica (id tlif Nand and claj) 

Alutnina (in the ctaj) 

Lime . 

Oxide of iron . 

Oxide of manganeae . 
Potash .... 


} chiefly -eommwi-lt . 

Bulphurie acid 

Phosphoric acid 

CwboDieacia /«»»hin*d with the lime .ndl 
t magnesia / 



1 Krrtlls 


ithonl 

ihith 

1 Umtsd 

Mitniira 

Miinim 


970 

6*00 

' 4*00 

6480 

S 3 *ao 

: 7780 

670 

6*10 

9 ‘to 

6 90 

1*80 

0*40 

0'86 

0*80 

0*10 

0 10 

3*00 

8*10 

010 

0 30 * 

0*06 

0'20 

tracs 

traco 

ro * 4 o 

” i 

M 

\ 0'20 

1 

♦» I 


0*20 

0*08 i 


0*46 

0*18 

! 

t» 1 



f t 

4*00 

0*46 

• ♦» 

1*40 

- 1*01 

0*46 

100 

100 j 

100 


This table shows, at a glance, wbat peculiar minerals are wanted 
to convert a barren soil into a fertile one. To show the great 
importance of these minerals, we pve below also Professor 
Johnston's analyses of the ashes of various crops 



160 VTTT. Advantages op Pneumatic Sefeeage. 


Jxomaam 

Iwbeat 

Oats 

Barley 

Bye 

rndianlg^^ 

Com 

Tur- 

nip 

bnlb 

Potato 

tuber 

Potsth and soda 

31 

26 

32 

33 

324 

45 

«ii 

63 

Lime 

8 

6 


5 


8f 


2 

Magnesia .... 

12 

10 


104 

16 


3 

5 

Oxide of iron 

1 

i 


14 


i 

4 

4 

Phosphoric ecid . 

46 . 

44 

26 

48| 

45 

33 


18 

Sulphuric acid . 


104 


1 

3 

44 

15 

4 

Chlorine .... 

6 

4 

6 

? 



H 

6 

Silica .... 

1 

2} 

1 

23 

_4 



2 

JLi 

! 

j 100 

100 1 

1 100 

100 

100 

1 100 

100 

100 


With reference to the«e two tables, Mr. Nash, in Lis ‘ Progressive 
Farmer’ (New York, 1856), makes the following remarks; — 

‘ From an inspection of these analyses, it is reasonable to infer 
that the first soil would produce any of these crops without 
manure; that the second would produce good crops, if manured 
with somethipg containing potash, soda, and chlorine ; and that 
the third would be likely to require more manure than the crop 
would be worth, and might therefore be abandoned as hopeless. 
The first coAtifins all the ingredients contained in the ash of plants; 
it contains plenty of organic matter ; and it contains no one of the 
mineral substances, as oxide of iron or common salt, in such 
quantities as would be likely to prove hurtful. The second has 
also a large sufjply of organic matter; and it has all the mineral 
suhstAnces retpiired for any crop, except potash, soda, and chlorine. 
This also is free from any hurtful excess of one or two ingredients. 
The ara\)unt of oxide of iron in it is more favourable even than 
in the first soil. When we look at the thfrd, wi* find it not only 
deiititute of those ingredients wdiieh are the most expensive to 
furnish, but abounding in oxides of iron to an injurious extent. 
The owner of throe such soils as the foregfung, coidd he be informed 
how they are constituted, would naturally cultivate crops of the 
most valuable kind on the first, as wheat, corn, clover. With 
regard to the second, he would lo«^k into the analyses of crops, and 
select for it those which contain least of those mineral matters in 
which the soil is deficient.’ We shall presently see, how far the 
human fertiliser may go towards supplying soils with the mineral 
ingredients they may happen to be in waut of. 

• 

6. Equal Distrihittion of MANrnE. — To bring, however, the 
organic and inorganic matters, supplied by tbe manure, into the 
proper combinations and forms required by the structure of plants, 
80 as to enable their roots to absorb by election that which they 
most need according to their peculiar organisation, there is, as 
stated before, time wanted, not only for that purpose, but also for 
tbe equal distribution of those ingredients, so as to impregnate 
and fertilise the entire soiL This is aWlutely necessary for 
cereal plants, which, growing always in loose soils, obtain stability 
against winds only by the equal extension of their roots in ail 
directions. Now a soii, fertile only in sporadic spots, could nourish 
only the roots extending in one direction, -causing the slender 
htiumB to break down in the other by any sudden gust of wind. 
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This question of time is one of a series of most beautiful ai*- 
rangements in the proTidence of Nature, in so far as it prevents 
the sudden exhaustion of soils, fertilising agents l>eing always 
carefully stored up and distributed for the proper time and op- 
portimity, literally to restore the elements diminishing in the soil* 

7. Earth the best Deodoriser. — Earth has a remarkable 
power to deodorise and decompose organic matter; a power, as 
Professor Way says, which nothing else possesses. This explains 
the utter failure of all attempts to deodt>rise excrements by water 
or chemical mixtures; experiments simply against the law of 
Nature and those ordainments upon which otir health, nay, t>ur 
ver^Hfe, depends. Dr. GiU»ert Child, in his valuable paper M>u 
the present. State of the Town St*wage Qtiestion,’ very justly 
remarks: — ‘Water is no disinfectant, chemically speaking; and, 
in our ordinary system of sinks and waterclosets, it is the 
mechanical power of water only of which we avail ourselvi‘s. 
The difference between the capacity <»f soil and water to deodorise 
may be thus illustrated: — ^If we tak(‘ a given qtuyitity of refiist^ 
animal matter, siiy two ounct‘s weight, divide it into two t*(|ual 
portions, and putting each in a separate vessel, throw upon one a 
gallon of water, and up(m the other put a pint and»a®!ialf of hwini, 
or other soil, in a moderahdy fine state of tlivision, we shall find 
that in a few days’ time the whole quantity of the first has become 
infected and putrid, wdiile the latter may lie handled even without 
disgust,’ 

This power to deodorise and absorb solutions eontaining ocltls 
and minerals, the soil has to such an extent as fi» extract tlu^so 
ingredients also from water if it he only straintsl througli it. 
Potash, silicic acid, atfimonia, phosphoric, carbonic, and sulphuric 
acids, all most important el(*mentM for tint cuUu^^ of jdants, are 
then retained, whilst the water which held them in solution runs 
off in an almost clear condition. Put when water so charged witli 
fertilising solutions flow's over the. surface of sandy soils already 
saturated with moisture, these deodorising and ahsorhing propcjrties 
of the earth are of course to a great extent neutralised by the very 
presence of the water its(df filling every pore of it, and Untrehy 
keeping out those ingre<iients, which htrnce float off again, or are 
absorbed only in a very slight degree. 

It would of course be a difierent thing, if the fertilising liquid 
could be made to strain through such a saturabnl light soil, as for 
instance that in a flower-pot, where the holes below allow the super- 
fluous moisture to run off. To imitate this would, however, re- 
quire the expensive ope ration of subsoil drainage. 

8. Makcre Absorbents. — But mere sand has no power of re- 
taining fertilising matter. For that purjKme carbon and clay are 
wanted, which may be called manure absorbents and retainers, 
acting, as it were, as the bankers of the valuable material en- 
trusted to their care, until vegetable life draws upon them. Unless 
these elements are present in sufficient quantity, no animal 
manure, even when applied in enormous quantities, can make a 
soil fit for the growth of plants. The only herbage that can at all 
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stand such conditions in a slight degree, is lye-grass* (Lolium 
pererme), which, when sown on a naked sandy soil continuously 
irrigated with diluted sewage, will faintly come up, becaase its 
roots and stems have the faculty of drawing their sustenance di- 
rectly from the liquid. If the grass is then ploughed in the 
ground, again sown and irrigated, and these operations repeated 
several times, a sort of mucky humus may at last be form*ed, 
which with continuous irrigation may give crops of grass and hay 
every two years out of three. * But the yield can never be com- 
mensurate with the value of the manure wasted on it, for the 
reason that clay, the principal absorbent and assimilator, is wanting, 
and hence the scheme of Messrs. Napier and Hope, for the reclama- 
tion of the Maplin flats, can never be a profitable investment. » 

Seeing then that soils absolutely refuse to absorb and retain 
water beyond a certain extent; that ^ere is room necessary between 
the constituent particles of the earth to hold fertilising gases and 
salta; and that human excrements have just that exact propcjrtion 
of moisture n^uired to n^taiii them or hold them in solution for 
the tender roota of plants, we may well be assured that what 
Messrs. Way ifud Lawes have pronounced to be absolutely neces- 
sary, can only be effected by applying fiecal matters to the land 
just in that f^ate in which they are produced in the human body ; 
and of all methods hitherto tried, the new system is the only one 
enabling us to do so in an efficient, and at the same time in an 
inoffensive manner. We are further supported in this assertion by 
Baron Liebig, who in bis ‘Chemical Letters,* chap, xxxviii., clearly 
proves that w^ater is by no means the only channel by which plants 
may be nourished. 

9. Hitman Excrements the best Manuri;. — As we have seeu, 
the tendril roots of plants ]K)sse8s the power to select their food in 
such combinations of constituent atoms as are l>est adapted to their 
special organisations, Ou page 66 it has lieeu shown that, by 
adding just a few atoms more of one element or subtracting a few 
of another, a wholesome substance may at once be changed into a 
virulent poison. Water, In'ing itself ccunposed of but two elements 
if present to excess, may convert useful manuring elements into 
substances more or leas hurtful to vegetable life. 

This explains sufficiently why nearly all cereals refuse to yield 
crops, aud run to straw, when land is too wet ; and why, in fact, 
most soils At least in our climate, require drainage rather than 
irrigation. Now, by reference to page 7 5, we see that the ingre- 
dients distinguishiug a fertile soil from a barren one are, all of 
them, present in human excrements and by turning to page 150 
we find these ingredients again as component parts of the principal 
cereals and field fruits. What kind of mantu*e then, we ask, 
could we apply to our lands with better advantage than just these 
excrements ? 

The ‘Moniteur* of February 5th, 1867, published a convention, 
concluded at Lima on December 2nd, 1866, between France and 
Peru, according to which the Peruvian guano is to enter free of 

* The pKJMir Eogliflih nane is not xys, bat being t eompted coDtrmc* 

tioa of tM Fjoneh woid temte, which means all sortB of rank hwbage. 
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duty into all the ports of France and her colonies^ at a cost, of 300 
francs per ton of 1000 kilogr.,* this price being liable to an increase 
or a decline in proportion to any change which may occur in the 
general market-price of guano in Europe. What an immense re- 
lief to French agriculture, then, if in future a farmer may buy at 
th^ next town an excellent human fertiliser at the rate of, say, 
40 francs per ton ; about ime^ninth of the price of guano, counting 
the cost of transport from the seashore I 

We, therefore, hope to see the empire of France, with Great 
Britain and the Netherlands, soon take a prominent part in a great 
social and agricultural reform, which cannot fail to confer the 
highest benefits on all mankind. Then it will no longer be true 
what a celebrated French author has said : — 

^ La statistique a calculi que la France, 5 elle seule, fait tons 
les ans, a TAtlantique, par la bouche de ses rivieres, un versement 
d un demi-milliard. Notes ceci : avec ces cinq cents milliotiSf on 
payerait le quart des depoises du budqet, I/hahilete de Thomme 
est telle qu'il aime roieux se debarrasser de ces 500 millions dans 
le ruisseau. C’est la substance meine du peuple qu emportent, ici 
goutte a goutte, lb, a flots, le miserable vomissemerft de nos ^goflts 
dans les fleiives, et le gigantestjue rainassement de nos fleuves dans 
rOcciin. Chaque lioquet de nos cloacjues nous co^te 1000 francs. 
A cela, deux resulUits; la ter re appauvrie et Cean etnpeMic; la 
faim aortant des sillons et la maladie aorta at du jlcuveJ* 

10. Human Manure fit for all S()iw.-~If the question comes 
up 08 to what kind of soils are best adapted for the fertilisers 
ejected from the human body, it is evident that all lands pro- 
ducing human food must be so, the different cliwses calling men'ly 
for a proper variatioi! of (quantity, time, and mode of application. 
That amongst these lands meadows are included, n(»C5d hardly ho 
told, as we consume also their crops, after they have been prepared 
and concentrated in the shape of tneat, milk, butter, and cheese, 
through their consumption by cattle. 

This cannot at all be said of guano, which is far from being that 
excellent fertiliser it was formerly stipposed to be, (tc practical 
experience and the test of agricultural chemistry had reduced it 
to its true standanL Thus, for instance, it has ]>een found in 
various colonies, that the continual use of Peruvian guano, so far 
from invigorating, gradually exhausts the soil on which sugar-cane 
is cultivated; so much so, that at last only a feeble plant is grown, 
subject to various kinds of distempers. 

11. Subsoil Manuring. — Now let us see how Captain Liemur’s 
subsoil manuring system optTates both on arable land and on 
meadows. The ploughshare first breaks up and turns over the 
earth in such a manner that the soil which was below the surface, 
according to the depth given to the plonghshare, is brought up and 
laid bare to receive seed. At the same time the liquid manure is 
evenly discharged out of the barrel lying on the carriage frame 
into the furrow, which a moment after is lightly closed by the 
scrapers fastened to the rear part of the plough (see p« 128). 


* Con^pondiog to sboui the £iigli»b STcfsge priet of 13/. per ton. 
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That part of the soil^ which before was on the sur&ce of the 
ground and holds a great deal of oxygen, is now turned l^Iow 
to absorb gradually all the fertilising ingredients of the liquid 
human manure injected into the furrow, in compensation for those 
it was deprived of by the last crop. Beneath the soil, the most 
important chemical process of decomposition and assimilation goes 
on entirely undisturbed, ample time being afforded for a thorough 
absorption and equal distributiosi, without the slightest escape of 
fertilising gases to taint the atmosphere. Now, when in the fol- 
lowing season the plough turns up the soil again, it is already 
found so thoroughly manured that the seed can only be quickened, 
but not injured by it, whilst, if required, at the same time new 
fertilisers are injected underneath, to act in the same madher 
upon the following crop, and so on in endless rotation. 

It is easily understood that by this system an intelligent farmer 
is enabled to graduate the amount and power of manure with the 
utmost accuracy to the peculiar nature of the particular crops he 
wants to raise, by simply lowering or raising his ploughshare, 
running the rivulets of manure more or less apart, planting seed 
between the rills made, and in various other ways easily suggesting 
themselves to a practical agriculturist. Now, when we bear in 
mind that thi% system not only secures to tlie soil every particle of 
fertiliser contained in the manure, but at the same time entirely 
prevents both the contamination of the atmosphere and the 
infection of water, we ask our readers, was there ever a contrivance 
which in so simple and natural a manner accomplishes so many 
important objects ? 

12. Mamijrii^g of Meadows. — When we turn to the meadow 
manurer (see page 129), we find it just as complete in its appoint- 
ments and appurtenances as the one designed for arable land. A 
neat incision is made, if necessary, with a particular knife, moving 
up and down in front, allowing a temporary passage through the 
sods, without tearing or otherwise injuring them. 

By the same operation the manure is deposited undemeatli the 
sods at such depths as the farmer may deem best Ihus removed 
from direct contact with the roots of the grass, the fertiliser 
undergoes the chemical process above alluded to, entering into the 
new combinations necessary for the proper noiu*i8hment of the 
plant, again without the slightest escape of gases, the sods closing 
always immediately after the passage of the manuring took 

Grass being in some manner a constantly gi*owiug plant, the 
manuring may take place at any season of the year, as long as the 
ground is not stiffly frozen or deeply covered with snow, and cattle 
can continue to graze all the while without feedings upon grass 
soil^ with ''excrements, as is but too often the case mth the old- 
fashioned plan of spresuling manure over the surface of meadows. 
That cattle do turn up their noses at such foul treatment, all 
practical farmers know ; but that they also get sick of it, and, if 
they do not actually die, at least give very poor meat^ some perhaps 
will deny, who, wedded to old ideas and habits, do not yet see their 
way dear to modem improvements, especially if suggested by one 
who has not himself been raised on a farm. We for our part 
prefer to be guided rather by the instinct of animals, provided by 
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Nature herself ae a substitute for reason, than by mere routine, and 
certainly stand by the plain common-sense doctrine, that what 
cattle refuse to eat and even to smell, cannot at all be a fit source 
for their food. 

Another great advantage is, that by this meadow-manurer, human 
excreta can advantageously be applied to all kinds of grasses, 
whilst irrigation with sewage, as mentioned before, answers only 
with rye-grass, the only species which can stand repeated drencli- 
ings, or grow in water. If it is necessary to irrigate meadows in 
dry seasons, why, in the name of Heaven, let it be done with 
clean water, and then, no doubt. Heaven will bless the process ! 

^y way of comparison of this system with the only other one 
in which undiluted human manure is mixed immediately with 
earth, namely Mr. Moule’s, it is evident that the latter, besides the 
insurmountable difficulty of an enormous transport explained in 
pages 94 to 97, has the additional disadvant/ige of producing a 
compost manure which cannot at all l>e applied to meadows. 

13. Increase or Tillage Land, — Hut the mnip advantage this 
system possesses over that of irrigating rye-grass meadows with 
frocal matters in a high 8tat(^ of dilution, lies in th<‘ fact, that it 
can be applied for the purpose of fertilising tilhi^'land ; and this 
advantage can only be pn»perly apjireciated, when it is considered, 
how much more profitable such culture is than pasturage, even for 
dairy purposes. To make a cow giv«* the largest ijuautity of milk 
she "is capable of yi<‘lding, the food must be composed of clover- 
grass, turnips with their tops, and other gn^en cr(>ps; but to obtain 
milk of the best (piality, wldeh is at the sfime time rich in luitter, 
her food should l>e drier, such m oats, bi'aus, bran, oil-eakes, aiul 
clover-hay, besides the turnips and green food. None of these 
crops can be raised with lirpiid sewage, and all rerpnre tillage 
land for their production. The juicy herbage known as rye-grass, 
grown on wnd or inundated land, gives abundance of milk ; l)Ut it 
is watery, and yields proport ioxuilly but littli^ butter and cbeestj. 

The advantage will be still more apparent, when it is pointed 
out, what is now acknowledged by the firs! and most experienced 
agricult urists,* that more stock animals, more meat, wool, and 
dairy produce can In? raised, acre for acre, upon plough land than 
upon meadows, except perhap in the case of rich natural 
pasturage. This latter is, however, not often met with, and, when 
found, cannot stand treatment with the irrigation system. Me- 
dium and light lands which, in cultivated tracts, form a very large 
percentage, and, in fact, constitute the majority of farm lands, 
yield far more of such produce and pay a higher rent, when converted 
partly int<A tillage land , and partly into good pasture| than by re- 
maining gifiss land entirely. The importangp of this fact will be 
understood, when we call attention to the necessity of keeping the 
markets supplied with an abundance of animal food, to' maintain 
both the mental and physical vigour of the people in our climate ; 
above all, of that portion dwelling in cities and townl. 

As an instance of the above assertion we may point to a farm of 
400 acres of fair pasture land. This will yield, as is well known, 
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_ ^ woifcod in a ftir ooniM of eiop lotafion^ tor tibe 
fKOV&i of greea crops, &c^ it will yield, bendes the same amount 
of iairj p^uce, fully 1,0001. worth of beef, mutton, and wool, 
together with eome 600Z. to 8002. worth of com and seeds, and a 
large quantity of bacon, pork, and poultry ; in other wor^ the 
torm, instead of the above 6002. to 8002., will yield some 1,6002. to 
1,8002., being 1,0002. to 1,2002. per annum more than in the other 
case. This increase of produce has been shown by actual practice ; 
but we doubt not that, if the tillage land were increased to two** 
fifths or one-half, keeping the remaining three-fifths or one-half in 
pasture, a still larger yield might be had, and the adyantage of sdch 
management is still more obvious on very light soils, which cannot 
grow good natural grasses. Allowing for the difference in labour 
expended, it is estimated that the medium and light lands can be 
m^e two-thirds more productive and remunerative under a good 
system of mixed husbandry than by pasturage only. It is thus 
evident that bread and meat would become more abundant and 
cheaper, by bre&ing up with the plough a large proportion of the 
present inferior old pastures. 


14. Incheasb or Pxasantbt. — A writer on the agriculture of Ire- 
land estimates that the light soil, which constitutes one-half of the 
entire surface of the island, and two-thirds of the area under cultiva- 
tion, would yield far more stock animals, meat, wool, dairy produce 
and grain, if farmed as above stated instep of by pure grazing. The 
labour required for the additional 4,000,000 acres thus given to 
tillage would, according to the said writer, provide work for some 
600,000 men, which represent the heads of faiAiiies of a population 
of 2,500,000. This, in point of national economy, is a matter of 
the highest importance. If a country is powerful in proportion as 
it is inhabited by a robust and vigorous peastintry, it is evident 
that any scheme which increases the area of pasturage, not only 
diminishes the produce of the soil, but also lessens the strength of a 
nation by mere diminution of numl)ers, which no doubt is another 
most serious objection against the irngation scheme. 


15. Subsoil Manurinq superior to Irrigation. — We do not 
mean to say, what many, among others the great Liebig, have in- 
sisted upon, that the utilisation of sewage liquid, as produced 
by waterclosets, for growing rye-grass on sand is impossible. There 
is no doubt that this herba^ may be thereby produced, even, 
perhaps, upon such barren places as the MapUn and Dingie Sands 
on the Esi^x coast, if the many conditions and requii^ements are 
properly coxfiplied with, and the matter is manag^ rightly. At 
the same time we do not accept as a guarantee even of such success 
the apparent satisfactory experiments recently made. These con- 
sisted in levelling a ten-acre lot of barren land, near the Great 
Northern London Sewer outfeU at Barking Creek, and covering the 
ground with one foot deep of sand brought from the above-named 
sand-banks on the sea-shore, which was then sown with rye-grass 
and treated with sewage liquid. We learn, from the report to the 
Metropolitan Board of Worln, that this test proved satidactory, to 
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ippmitiiceBi in 8D &r tlMt snood mp of gn«i come sp, wUA 
nude good food for oatUes bat muxk more» it ieeiii8» oannot be 
be said about it, for we &id,amoDg Captain liernar^s notes, a letter 
addressed to him by Mr. Hemans, the chief engmeer of the com- 
pny, to the effect that, not b^re summer (1867), will the works 
be sufficiently advanced to give particulars, or enable us to judge 
properly. 

To our mind, however, it is not^a &ir test to shovel, handle, and 
transport a given soil on to another subsoil, for the purpose of 
finding what it may be capable of doing in its original place. 
The material must in that case have obtained different qualities by 
the very fact of this manipulation, and the sweet-water subsoil, 
as found on the bank of the Thames, is not by any means the same 
as the sea-drenched hard sand-bank of the coast But however 
this may be, there is no doubt but that such grass can be made to 
grow somehow on such places, and with such kind of manuring; 
and there is also no doubt but that, to do so, is far }>etter than 
wasting so much good fertiliser by throwing it into the Thames, 
as has hitherto been done. 

But the question is: 1. Will it pay? that is to sa% will the crops 
produced pay anything like a dividend on the capital of 2,100,0001. 
(see page 79) which is required to bring the Mi^Kn Sands farm 
into operation ? 2. Will the crops, or rather the beef, butter, and 
cheese produced thereon, be anything like commensurate with the 
value of the fertilisers expended in obtaining it, which, supposing 
North London to have two million inhabitants, amounts to fully one 
million pounds sterling per annum ? 3. Could not this immense 

amount of fertilisers be turned to a far better account ; and is it 
not now well known, that it is more than capable, by its applica- 
tion in an undiluted etate to tillage land, of raising sufficient food 
for the two million people who pnaluced the manure ? 

But, perhaps, we cannot more forcibly p(»int out the shocking 
waste of manure the irrigation scheme necessitattis, than by stating 
that the area usually allotted for utilisation in this manner is on(? 
acre for every one hundred inhabitants. Now, the utmost that an 
acre of rye-grass, manured with the faecal matter of one hundred 
people, worth fiilly 50L per annum, can bring, is only about 6/. 
])er annum! The sewage farm of Croydon,* whicli again and 
again is pointed to as an example of the brilliant success of the 
irrigation prex^ess, comprises 312 acres, which receive the sewage 
of a population of 35,000 ; the whole crop raised thereon brings 
annually about 1,800/. and the manure is worth 17,500/.! Can any 
more reckless waste be imagined, considering how easy and simple 
it is to produce far different results? And what can be said of a 
system of utilisation, or of fann-management, in which the manure 
is worth ten times more than the crops, except that thbse who ad* 
vocate it do not, or perhaps will not, understand the question ? 

16. Pbincifles or the new Utilisation Ststem. — But let us 
now turn to Captain Liemur’s system. As already deBcril)ed on 
page 127, he applies the manure to what be calls ^ fallow intervals, 
which beiff a proportion to the alternating planting beds of 2 to 3 ; 


• See ftleo ptfes 28 sad 29. 
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that is to say, two-thirds of the field bear crops, while one-third 
lies fallow, bx ^ is manured and tilled preparatory to the next 
season, at which period this part changes pla^ with the other one. 
This changing of places of two-thirds on one-third is effected by 
* overlapping that is to say, the planting-beds being 60 inches 
wide, and the manured soil only 40 inches, the former is placed 
centmlly over the latter, thus overlapping each side 10 inches, 
which, considering how thoroughly the earth is worked and satu- 
rated with manure, can be done*^ without any loss in the growth. 
The planting-beds are worked by drill-sowing and cross-rotation in 
the most approved form. 

17. All Modern Improvements applicable. — Now here is a 
system which takes in all that modern agriculture has discovered 
to be most advantageous, and adds two important improvements. 
Under the former head come principally the rotation of crops and 
the planting in rows instead of broad-cast; while under the latter 
we have * manure-ploughing’ and ‘fallow-strip-fertilising.’ Sup- 
posing that these pages will be read by many to whom the subject 
we treat of is new, we will shortly explain the advantages of these 
improvements. 

• t 

18. Oriqin op Crop-rotation. — Already more than two thousand 

years ago, farmers cultivated their fields by leaving them as mea- 
dows for some time, whenever they became exhausted or yielded 
poor crops; and thus the natural droppings of cattle grazing on them, 
with the addition of organic elements olgained from the air by the 
herbage growing there, slowly enriched the soil again, so that, after 
a while, it became in a measure capable of growing grain once 
more. • 

Increase of population, however, compelled in time the more 
continuous growth of grain cri»p8, for winch rejison the fields were 
laid fallow’ only every third yeiu, besides being strongly manureil 
and broken up with the plough, so that air and rain water could 
enter and import new vigour to the soil. To obtain the manure, 
however, mejidows were required, at least twice as extensive as the 
plough land, unless cuttle were fed with grain, w’hich of course 
could only in exceptional cases be thought of. This mode w’ns 
practised already by the Komans, who divided and worked their 
plough land in the following manner: — 


RotikUcm. 

Pint Field. 

Second Field. 

i Thiid Field. 

Firiit year . 

.Second year 

Tliird jear . 

Fallow 

Winter grain 
Summer grain 

WinU»r grain 
Summer grain ; 
Fallow 

1 Snmmer grain 

1 Fallow 

Winter grain 


Charlemagne introduced this, the oldest system of rotation, 
generally in Europe. '\Mien population became still more dense, 
attempts were made to grow in the interim something also on the 
fallow field, and beans and peas, &c., were the plants first used for 
that purpose ; requiring, however, also much manure to obtain any 
crop. This diflScul^ continued until the introduction of clover, 
which for ^ fifdlow culture ’ proved indeed to be of inestimable 
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value. This herbage, which through its dense growth chokes all 
weeds out, has also powerful roots, which open and loosen the soil, 
thus admitting air and rain, with broad foliage shading and keeping 
it moist ; and as this plant itself derives most of its food from the 
atmosphere, it actually leaves the field more fresh and vigorous 
than it was Itefore* The culture of this plant caused of course an 
increase of tillage and a corresponding diminution of pasture land. 

19. Plaktino in Rows. — These* peculiarities of clover also led 
first to the practice of planting grain in rows instead of broadcast^ 
through the advantage which resulted from sowing it Imtwtnm the 
com plants of the preceding year; the vigorous herbage choking 
out® all the weeds, keeping the soil open and moist, for the 
grain to develop itself better, and yielding a good crop of excellent 
grass or bay afterwards, Many farmers tried to cultivate this 
plant exclusively, until experience showed it would not do to 
charge a field with it every third year ; at least, the yield was in- 
sufficient. This led to a succession of cro{>s, in wljich grain was 
followed by clover, legumens or roots, so th*it clover was only 
repeated every fifth or sixth year. Such a ndatioit turned out to 
be a great step forw^ard, for the green crops whicli ni»w proved a 
more profitable food for cattle than pasturt* gr^^ss, caused a 
furtlier increase of tillage land, much improvement of the 
latter, and increased abundance of live stock and animal food,* 
In Kelgium, where C44ttle are mostly fed with produee from 
ploughed land, the great <]uantities of good manure thus obtained 
ami savc*d, yields proportionally large (*rop8 of bnuidstuffs. 

It will tlius be seen that, by rotation of plants, crops can be hod 
from every field without leaving them fallow any season; and that 
by planting in rows with drills, itit4*r-ciilture has becotne prac- 
ticable; tw() improvements which largely iucreiise the agricultural 
produce of the total area under eultivution. 

20. ExifArsTioN OF THE Soil puKVENTEn.— Ibit all these ingenious 
processes did not, and cannot, prevent the gradual exhaustion (»f 
the soil, unless manure is applied, containing a quantity of inimTal 
elements equal to that the crops tike from it, and urili*ss also 
sufficient human organic matter, and principally nitrogen-holding 
substances, are given ; for these, and especially the latter, ‘drive’ 
the plants, and make the fruit they Ix'tar manifold. 

At first the only manure put on land was the solid excrements 
of cattle, while the urine was allowed to waste. It was, however, 
noticed that the roadsides receiving the droppings and leakings 
from the manure carts in passing by, became more fertile than the 
fields, which received the then so much prized solid manure, an<l 
this led to the eventual saving and usage of the liquid.* Of course 
this occurred before chemistry was applied to agriculture, and 
fully established the value of these substances. The excreta of 
men were, however, almost completely lost, and even when here 
and there some market gardener used them, he bad to do it secretly, 
or lose his customers ; such w'as the repugnance felt against food 
obtained by means of these so-called impurities. The fact is, man 
shares with the brute the peculiarity of having a greater abhor- 
rence for bis own fasces than for those of other beings. The loss 
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of yaluable material thus incurred was tremendous^ for the fsscal 
matter of man does not only contain the various mineral 
elements of the vegetables directly consumed by him, but also 
those which are indirectly obtained from animal food, and which 
are of course likewise derived from the soiL The importance, 
then, of giving these elements back to the earth, which is the 
fountain head of all our food, was in course of time duly appre- 
dated. But the question was,^How to do it? 

21. IxPBovED Mode of Mai^obino.— We have already seen that 
every method hitherto tried was more or less a failure, and that 
the only mode which to a small extent effects utilisation, namely 
irrigation, is open to so many objections as to make it in a civilised 
country absolutely a nuisance not to be tolerated. At last Captain 
Liemur points out a way. And in accomplishing the purpose he 
aims at two things: 1. to do it without loss and offence ; 2. to do 
it usefully at all seasons, because the produce of manure is also 
without intermission, all the year round ; otherwise, the work 
would be but pjirtially accomplished. . 

The first point is effected, a, by obtaining the manure pure and 
unadulterated, and diluted with as little water as possible, as 
already explained ; h, by not allowing it to become weakened by 
premature fermentation, which involves always a loss of ammonia, 
that most valuable of all fertilisers ; c, by mixing it at once with 
the soil itself, for the use of which it is designed. This is done by 
means of the ploughs already described, and the advantages of this 
method are so obvious, that it is almost superfluous to state them. 
The formation and protection of compost manure heaps can never 
be so perfect, as not to throw off a great deal of ammonia, which is 
not only a loss,, btit very offensive Jind unheafthy ; and this is espe- 
cially the case during the act of loading and unloading, carting and 
spreading it on the fields, for the purpose of ploughing it in after- 
wards. It cannot but be a saving of fertilising material and of 
much labour, to combine these operations in one, as here proposed. 

As there are, however, a great many routine people, who never 
dream of doing anything unless their great grandfathers have done 
it before, even if it is the Imst thing for their interest, and as this 
species abounds largely among farmers, w'e may as well state that 
the best agriculturists in the world have substantially practised 
this mode for thoumnds of years. We allude to the Japanese, w^ho, 
as stated already, with an area under cultivation smaller than that 
of Great Britain, manage to produce all the food wanted for their 
large population, and still have a surplus for export. They simply 
place their excrements, mixed and fresh as produced, iu shallow 
trenches, which are immediately covered up again, and sow the 
seed or plant in the ridges between the trenches. The only dif- 
ference l^tween their system and that of Captain Liernur's is, that 
the Japanese employ manual labour and ill-constructed tools, while 
the captain uses horsepower and the best plough that can be found. 

22. Pbofesbobs Johkstok ahd Yoelckib’s Appbovai.. — ^T he 
qrstem is further supported by the text-books of some of the ablest 
and most soientifio agriculturists of Great Britain, namely Pro- 
fessors Johnston and Voelcker, the latter being consulting chemist to 
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the RojTEl Agricultural Societjr. As an instance see question 289 of 
their ‘ Catechism of Agricultural l^icmistry and Geology,' ahich 
reads as follows ; 

* Uqw do you fmt prevfnt Iom in fertilUing matter t 

* Answer. By carting the manure upon the land, and ploughing 
it in as soon as possible^' 

Now, as in the new 8\-stem it is carted and ploughed in at the 
same time, it is evident that this i| tiie most saving method* 

23. Approval of Mr. Lawes. — Among Capt* Liernur's copious 

notes we also find a letter fn>m J. H. I^wes, Ewj., of Kothamsted, 
St. i^llians, F.K.S. and F.C.8., one of the members of the * Kttyal 
Commissioners of Inquiry into the best mode of Ftilising Sewagt*,’ 
addressed to him under date of November IStli, 1806, upon tiu' 
subject of his s}*8tem, in which the follow'ing passages occur ; * I 
fancy that, however rapidly you remove the excrements, thert* will 
lie always a sufficient amount of oKI matter in the plough barrels 
to ctuise decomjiosition, and that your manure, lH*fi»re you can apply 
it to the s<ul, will be in a high state of putrefaction^ In an agri* 
cultural point of view, 1 see no objection to this, provided the 
matter is placed bf'hnv the surface of the soil 

‘With re^ni to tiie application of the sewage to anu>le land, the 
first and most important element to lx* consi<leri»d is evenness of 
application. (This the plough accomplishes with mechanical acv 
curacy.) ‘2d, that the manure should h(‘ covered with the soil as 
soon Jis possihle. Although it is better to have the manure near 
the surface of the soil, it is of no conseqiu^nce if it be covered 
to the depth of five or six inches.* 

Thc'se statements, ijade by one of the most emimmt agricul- 
turists of England, confirm conipletcly the principles involved 
in the new system. There is no douht tliat the old matter ad- 
hering to the interior surfaces of the lairr(‘ls (and it would lie too 
much labour to ch?an them) will act upon the fresh excrements 
somewhat like yeast upon dough, and start its fennentation. Bi*fore, 
however, it can make head and become dangerous, the barrels are 
emptied into the furrows, so that the manure has then received the 
propifrty the farmer justly prizes so much, Tliis fermentation is 
modified into another pnM‘Oss on being mixed with the soil, when 
a sort of natural compost manure is fonne<l on the very spot required, 
and the whole is gradually converted inbi those solutions and com- 
binations which constitute the food of plants. 

24, Pctrefaction withoct I/0s» of Fertiliser. — In Professors 
Johnston and Voelcker's Catechism we rc*ad, question 288 : ^1$ it 
desirable to allow dung to become quite rotten before iCie put on 
the land t 

‘ Answer* By no means ; for although rotten dung is more valu- 
able, weight for weight, than fresh, it is difficult to convert the 
latter into rotten dung without loss.* 

The objection here made has reference to the old mode of carting 
and afterwards ploughing it in ; but rotten dung is evidently pre- 
ferred, if it could be applied without sustaining loss of ammoniacal 
gases in the process. By the new system this can be done; and 

M 
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even if the matter had gone ezitirely into a abate of putre* 
£fM$tkip, there would be no bann. 

25. Principles of Fallow-strip Manurino. — The second pur- 
pose aimed at by Captain Liernur (see page 160) is effected by his 
fallow-strip manuring system. He states that the considerations 
which led him to this method were: — 

a. That crops produce more abundantly in proportion as the 
soil is well kept opened, loosened, and cleaned of weeds, all of 
which can only be accomplished by ‘ inter-tillage or inter-culture.’ 

b. That the yield is larger in proportion as the manure baa 
had time to dissolve and incorporate itself with the soil ; in other 
words, that a better. crop can be raised on a soil manured a^ear 
previously, than if manured only a month since. 

What better can, therefore, be done, than to apply a manure, which 
must be usefully disposed off the whole year round, to those very 
intervals left for tillage which of course are at all seasons open for 
ti’at operation ? But as room is wanted to work and manoeuvre the 
plough. Captain Liernur divides the land into alternate strips for 
planting and Manuring, giving the latter at once the ^ elbow room ’ 
required. He then takes advantage of the second consideration 
mentioned afeoye, namely, the long time required by the manure to 
dissolve and diffuse itself, and makes the planting bed one-third 
larger than the tillage or fallow beds; rightly conceiving that the 
apparent loss of area sustained by having one-third of the field 
‘fallow,’ is am])ly compensated by the highly fertile condition 
of soil, obtained through so much tillage and complete manure 
assimilation; a condition rich enough to allow a planting bed of sixty 
inches in width to be placed centrally over a soil actually worked and 
fertilised only forty inches wide, as is practically the effect of this 
system. The result will be, a much larger crop can be raised from 
the two-thirds area, than otherwise from the whole field. 

Any one at all acquainteil with the effect of thorough tillage and 
long-time manuring upon crops, will readily understand and know 
that this is fully and in all respects correct, and that the new 
system is based upon what nearly every farmer daily experienct^s. 

In fact there is no doubt but that the knotty sewage utilisation 
problem is now fairly solved in a most simple and practical 
manner ; and if he be a most meritorious and useful man who can 
make ‘ two gmhta grow where one onlg grew before,^ and raise two 
pounds of meat, where one pound was formerly with difficulty 
procured, Captain Liernur has succeeded in bringing about an 
improvement) which will bestow as great and as lasting a benefit 
\ipi n mankind, as any other discovery or invention m^e during 
the last and present century ; and we sincerely congratulate him on 
the magnificent result of his labours, providing, as it does, the first 
necessaries of life, namely, abundance of food and public health. 

26. SoCCBSSrUL ExPBRIIIINT of FaIXOW-STBIP hlANURWO. — 
But without at all wishing to detract from the merit of Captain 
Lienmr's invention of fidlow-strip manuring, we must state th^ in 
this respect, be has been partially forestalled by the experiments of 
others, the success of which, however, goes completely to establish 
the cotxectuesB of his theoiy. We sllude to Ae fisllow iuterval 
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tillage, practieed fay tlie BeT. Samadi Smith, M.A., yioar of Loia 
We^oe, Northamptonshire, Our attention was firrt called to this 
hj a Tory able aiticle in tlie * London Telegraph * of February 28, 
1867, a^ liaving since read up and examined carefully the 
subject, we find the statements made therein substantially so 
correct, that we cannot do better than quote them. 

*The Rev, Samuel Smith, ^ says the editor, Ms noted in the 
agricultural world for having carped out, upon a portion of his 
glebe, a most wonderhil experiment in successive*’ corn-growing. 
The Agricultural Gaxette” pays this tribute to his memory: 
** Among the names of those to whom the science of agriculture has 
been in our own day indebted for illustration and advancement, it 
would be diflScult to find one more deserving of note, more entitled 
to lasting honour and appreciation. Those only who have ri^ul 
his brief but most remarkable little work on ‘ l^ois Weetlou 
Husliandry’ can form any judgment of the valuable qualities 
mind and powers of close observation which he gave to the task 
he undertook, namely, of vindicating and practically exhibiting 
the truth that lay partially developed in TulPs theory of the 
nutrition of plants; and those only who have enjoyeJl the privilegi^ 
and pleasure of visiting the scene of his admirably conducted and 
successful course of experinuMit can form an i(lea#of the deeply 
p<mctrative mind and the impressive sw«*etne88 of disposition of 
this ripe scholar and I'hristian gfmtleman," 

‘Without entering into any examination of what .lethro Tull 
really did ttwh, the [Hunts wherein Mr, Smith differed from, or 
mther went beyond, his great instructor, may he hriefly stated. 
At a time when tillage implements were of a rude description, and 
arable husbandry was almost entirely unrnaimrial, Tull completely 
established three jiropositions — first, that inter-culture amongst 
growing crops is a necessfiry <»pernth»n in well-conducted farming; 
second, that adc^quate mechanical tiilage is an economical suh- 
stitute for manure; and third, that thorough tillage is also cc»m- 
petent, with or without the aid of manure, to secure the profitable 
growth of any given species of cultivated plant, year after year, on 
the same grotunl. At first derided, at last universally appropriated, 
Tull’s maxims have Ix'come the foundation of uiodcjrn practice in 
the culture of all roots, of many gre<*ri crr>ps, and cf*rtain kiti<Js of 
grain. Tull conceived that the rootlets of plants “depastured” (as 
he called it) upon the superficies of minute particles of earth, and 
that, therefore, to feed a crop with all the nourishment it needs, au 
abundance of this ptisture must lie providcnl by pulverisation, 
effected partly by mechanical tillage, partly by air and moisture 
introduced by this means into the soil. And farmers now are 
fully alive to the stimulating fiower of ploughing and stirring tins 
ground between rows of plants sown in row's wide aptfit for this 
purpose. 

‘But the soundness of the theory is still disbelieved in, 
and the practice repudiated in relation to cereals — the drilling of 
wheat and oats and barley lacing adopted mainly as a fac!ility for 
cleaning the crop of “annual” weeds. Tull himself had grown 
small but remtmerative wheat crops year after year on the same 
land, and without manure, disproving the supposed necessity for 
what is called the “rotation” or alternation of different c rops; and 



164 vm. Advaktaoes of Pseumatio Seweeage. 

Mr, Smith devoted his leisure to the delightful employment of 
testing TuWb principle to the uttermost If that mingled mass of 
oxides or rusts of certain metals which we call earth really held 
an inexhaustible store of plant food within it, or had the power of 
acquiring this fertility in proportion to its divisional treatment by 
tillage, there could be no valid reason for limiting mechanical 
operations, as Tull did, to the few inches of ground called the 
staple for if sufficient pabulqm for a prolific wheat crop cannot 
be procured in this thin rtratum, why not search deeper with our 
tools, and try if successive crops will not find pasture enough in a 
comminuted subsoil? Mr. Smith dug his way inductively into the 
exhaustless fecundity of his clay subsoil. The details of his hus- 
bandry would make too long a story for this paper; but in general 
his plan was this — he sowed his wheat in strips of three rows 
each, the rows being ten inches apart, and left between the strips 
bare intervals of forty inches breath, which he followed by spade, 
h»rk, and horse-hoe. The next year’s wheat strips were sown upon 
these intervals, and the strips of stubble dug in four fallow spaces. 

‘ Absolutely, each crop stood upon strips of land that had been 
bare-fallowed throughout the previous year ; but so extraordinary 
was the effect of digging arid horse-hoeing the fallow intervals for 
next year in^dose proximity to this year’s growing plants, that the 
area occupied by the wheat strips — that is, half the surfiice of the 
field — was found to yield in measured produce of grain fully 
double what the sjime area* would yield if, after a year’s bare fallow, 
the wheat were sown together,” or in one whole plot, without 
interlineii strips of fallow ; that is, each row gave an increase of 
100 per cent, from the mere circumstance of being what a printer 
would call ** spaced out^” Mr. Smith's maximum crop gjive 40 
bushels per acre over the whole field; or,* to state the fact in 
nn(»ther way, half the field (in the form of 30-inch-wide strips) 
bore a crop of 80 bushels per acre ; wliile the other half of the 
field (in 30-inch-wide tilling strips) was dead fallowed for the 
next yt^ar’s crop, Mr. Smith, however, preftTred to speak of his 
wheat as grown annually without iutermissicm on the whole field. 

‘ The average product* of the first eight years, beginning with the 
harvest of 1847, was fully 34 bushels per acre — the whole area 
within the boundaries of the field l>eing included in the measure- 
ment; for the next four years (1855-1858) the yield averaged 38 J 
bushels per acre; and in another equal pt*riod (1859-1862) the 
average was 33 bushels per acre. The crop of 1 863 thrashed no 
less than 40 bushels per acre, which had been equalled before 
both in 1855 and 1858 ; and the last harvest of which any account 
has been published (1864) produced 32 bushels per acre, this being 
the eighteenth wheat crop m yearly succession. The average yield 
of the last* ten years was 35} bushels per acre, which is just 1} 
bushels in advance of the avenge for the previous eight years. As 
to quality, Mr. Smith usually n^e4he price of the red wheat 
in his market ; and the quality of his latter samples surpassed 
that of the earlier. No manure, animal, vegetable, or mineral, 
was ever applied to the land during all this long course of in- 
oessant corn- bearing; mechanical tillage did it all. Indeed, the 
length and bulk of the reedy stems and broad flags of the ** straw,” 
and the weight of the huge heavily loaded ear^” would not becur 
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uy fming by manure ; that ia» beamier crops would have ** gone 
down*’ flat, and failed to ripen properly.* Tliis was the Lois 
Weedon experience with com, which is thought an ** exhausting 
or manure-loring crop ; whereas roots and green crops, which are 
looked upon as acquisitive or fertilising crops, would not respond 
to Mr. Smith's treatment unless he plentifully pampered them 
with manure. The effect upon the land of eighteen years' wheat- 
growing without manure was that a good brown heavy loam, 
equally good and fertile to a depth of 1^ to nearly two feet— for 
to this extent did the spades penetrate, acToinplishing a perfiH^t 
‘‘inversion'' of top and bottom “spits"— took the place of the 
original 5-inch staple and the 13 to 18 inches of raw clay sul>soil 
whi6h used to lie under it. So far from “ exhaustion " C4>uung in 
view, the land Iwcame not only aineliorat^ni, but greatly enhanccMl 
in value. Mr. Smith's annual pniHt u[K)n bis outlay wiuw also 
large ; though he sold tlie grain at low pricn^ and set a nuxlerate 
valuation upon his stniw, which was all earricil away and appiieil 
as manure to other land. 

‘ It is remarkable that the succ*es8 of the Lois >Yee<k)n wheat- 
growing has never thoroughly corntnamhHl the sympathy of 
pnictical men. If Mr. Smith had hapjM*ned to win his great 
results by the use of hijrse-tlrawn insttnul of harsl^'orktHl im- 
plements, his practice wo\dd probably have found numbers of 
eage^r irnitAfors. Hut it will be a lasting repnmch to Hritish 
liiisbaudtnen if they alltiw flu* whoh» experiment to dit*. merely 
because hands are not numerous enough, over thousands of furms, 
for a slavish o(»py of Mr. Smith's manipulation. The magic power 
lies in tlie tillage, not in the tooU; and it is a p<»or compliment to 
iinMlem agricultural art, to think that it cannot adapt the l^ois 
Weedon systeni to iinf)leraents worked hy aniiiial or steam power 
traction. In fact, the “ .lournal of the Uoyal Agricultural Society" 
for 18(15 does contain a pap4*r tiescribing four years’ experience of 
the strip-cultivation of wheat, in which the plough, siibsoiler, 
grubljer, and horst^-hoe, the harrow, drill, and roller, were tlm 
implements emph»yed. Tlie whole process is explaimnl, every item 
of outlay stated, the annual profit^ fully provefl, and a system 
suggested for intr<Mlucing w'ith advantage two (►r more successive 
white-straw crops in rotation. The writer, Mr. .John Algernon 
Clarke, concludes his essiy in these words : “ I know that it is 
difficult to move the mind of a prm’ticid man out i>f its habit of 
settling things from general considerations. I shall l>e told Unit 
an extension of wheat cultiire is not inlvisable, bt^cjiuse roots, clover, 
and cattle crops have of late years answercnl btdter. But what can 
the wheat crops tliat don't fwiy possildy have to do with rny wheat 
crops which will pay ? The entire cjise rests upon the low cost of 
production by my meth(»d, in comparison with the cost of a wheat 
crop in ordinary farming. 1 raise two good wheat crops in 
succession for 5/. 10s. per acre each (every s<»urce of outlay in- 
cluded) ; and at the same time, and for the self-same money, I am 
following and cleansing the ground in readiness for roots or other 

s The wriUr. in the IntW statraient, is right enongh ; hut when the pUniing ' 
are manmmi, as in Captain IJemiir's sjetem, the * rows ' can be placed elewer together, 
and thus pf^nce eren a larm crop on the jpvnnd actually planted than the SO 
Imshels got by Hr. Smith, withoiit danger of blight, or of ialling down, and mildew. 
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of the third yearns crops. Can any other system diow as economy 
of expenditure like this ? ” 

* We belieye that a few attempts at the spade culture of annual 
crops of wheat bare been made in different parts of the kingdom, 
some successfully, others not We have seen in a traveller’s 
volume an account of a Lois Weedon ” experiment in Normandy ; 
and in the spring of 1866 Mr. Smith received a number of earnest 
applications for information frem persons in Canada. We may 
hope, therefore, that whatever of sound principle was demon- 
strated over and over a^in in his protracted and astonishing ex- 
perience will not be lost to the world ; that future wheat fields will 
bear in their beautiful triple lines the indelible mementoes of his 
thoughtful toil ; and that thus, as well as in the fruits of a good 
ministry among the villagers whom he loved, his “ works ” will 
long “ follow him.” ’ * 

What more need we say of the great simplicity, truth, and 
practicability of Capt. Liernur’s new agricultuml improvement? 
For though we do not agree with all the enthusiastic conclusions of 
the above writer, who seems to argue that mere tillage can prevent 
exhaustion, there is still no doubt of the high fertility of soil 
obtained by strip-interval culture. But, without manure, exhaus- 
tion must coftia*, sooner or later, for no amount of manipulation and 
loosening of the earth can bring back the minerals taken from it 
year after year. The farmers in Holland have a maxim, which is 
very expressive upon this point. ‘ To obtain large crops,’ they say, 
‘and to bring it about that our children and grandchildren can 
obtain them too, three things are wanted upon the land, namely : — 
^ First: manure — second: manure — third: manure] after which 
it is considered advisable to keep on manuring ! ’ 


27. Certainty or Revenue. — It is evident, then, that town cor- 
porations may derive a handsome revenue by adopting the mode 
of utilisation here explained. It will and cannot but accrue to 
them in the largely increased yield of any farm leased or worked 
by them. And such a management is, in the commencement, the 
only practicable way for obtaining any profit from the manure ; 
for many farmers will certainly not buy it, until after they have per- 
ceived its value during some ten or twelve years, in practice on 
the farm ‘ of somebody else.’ Then, indeed, a ready sale will be 
found for it at its full value, with this advantage to the buyers, that 
they need not be afraid of the imposition practised by certain arti- 
ficial manure manufiM^turers. 


28. No AnuLTERATiON OF Makube* — And the risk to which 
farmers in that respect are exposed is greater than many will 
think. Thus on the Continent, for a long time, manures were 
sold composed of over fifty per cent, water, and the remaining 
half of insoluble matters, chiefly lime and sand with a trace of 
nitrogen ! Another sort was found to be composed of — 

* ifl^OKtsace tnd merit of this eitiMt it our apolog lor aw>tuig it at such 
length. 
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SntphariF aeid SO-OO 

Oirak subsUnoet 1*60 

Oxida of iron 14*00 

lama 12*00 

Soda S*(H> 

Sbnd 10*00 

Water 22*00 

Chlorine 0*40 

10000 


• 

which worthier compouud was reatiiljr sold to manure- needing 
farmers at 12d. per 100 lbs. before its true value was discovered. 

Such impositions cannot happen with the manure brought into 
use by the new system, for the human body manufacturing it is 
under the control of Uiotber Nature bermdf, who never yet was 
found guilty of deceit ; and the giving this muniiiceut and hoiu^st 
dame a chance of bringing lier carefully prepared wares inb) the 
market, is another great merit which (Captain Lieruufs system 
may well boast of. 

29. Prevention of VEOETABtE Diseases. — Another very im- 
portant point to whicli we call attention, is involved^in tlie following 
question* Are our farnuTs so very sure, that potato-rot, wheat - 
rust, and similar vegetable distem|M»rs, an* not in # gnuit measure 
due to the myrnids and myriads of parasitiail infusoria and fungi, 
immediately generated whenever taral matter is exposed to air, 
beat, and mcusture, as it but too often is by Uing spreml in the 
shape of manure over the surface of tields ? 

Even if it should u[iset the favourite doctrine of many a learned 
botanist or agriculturist, there is so iriucli rt*ason in this hypo- 
thesis, that we iieartily subscribe to it, stating once more our implicit 
belief that a kind PrUvidence never intended diseuse of any kind, 
vegetable or animal, as an ultimate aim or primary design ; but 
that all such distempers must rather be ascribed to the violation 
of some law of Nature. 

80. ScuMART OF Aiivantaoes.— Tlie agricultural advantages of 
the new system of sewage utilisation may be shortly stated as 
follows : — 

a. A manure is brought into use, which can lie applitid to all 
tillage land, whether level or sloping, heavy or light; and all 
crops can be raised with it which yield human food. 

Ii. The manure is transportable, and can thus be sent cheaply in 
any direction. 

c. The mode of manuring prevents the loss of any fertilising 

elements, and gives no disagreeable effluvia whatever to the 
neighbourhood. ^ ^ 

d. By the long period of a whole planting season being allowed 

for the assimilation of the manure with the soil, a far more 
useful effect is obtained therefrom than by the old method 
of carting it on the field and ploughing it in comparatively 
but a short time before sowing. 

e. By the one-third * fallow-interval system ’ for simultaneous 

tillage and manuring, a larger crop can be obtained from the 
remaining two-tbirds area than could be raised from tbe 
whole field, whilst tbe fertility of tbe soil is fully maintained. 
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/. By depositaiig this species of manore below tbe sur&ce of anble 
soil or fhe sods of posture land, it will, by its rBfnd aasimilar 
tion with tbe earth, not start into life or foster ^e growth of 
microscopic fiingi or animalculs, snch as eytticerci, tern, 
aaearidee, tonics, &c., which always occurs when such a de- 
composing substance is exposed to the action of the sun and 
air; and thus the danger of vegetable and cattle diseases 
resulting therefrom will be^voided. 

g. This system of manuring will render veiy profitable tbe con- 

version of large areas of pasture into tillage land. 

h. Tbe larger growth of green crops, &c., obtainable therefrom, 

will yield the country a greater abundance of animal food 
than could be had from pasture land; and such nutritious 
food will much increase the physical and mental vigour of 
the nation. 

i. Tbe huger extent of plough land thus gained will provide labour 

for a far greater number of men than pasture land, and will 
thus support a proportionately larger number of families. 
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IX. APPLICATION OF CAPTAIN LIERNUR'S SYSTEM. 

1. Estimate op Cost. — In order to indicate the salient points 
whereon to l>ase a calculation of cost and other incidents due to 
introducing the new system, we will take an illustrative town of 
100,000 inhabitants, or a corresponding part of a larger city, with 
an^verage rate of density of 20,000 pt^r square mile, and having 
streets intersecting each other at right angles 300 feet a^uirh The 
ground occupied would then be five scjiuire miles, or alnnit two 
and a half miles diameter. Supposing that a privy closet and a 
branch pipe were recpiired, at an average, for every six and a 
quarter inhabitants, making thus 16,(M)0 closet fixtures with braucli 
pipes of, say 100 feet length, then the cost of the whole pneu- 
matic sewerage scheme may be estimated, with th^ average prices 
of iron and other material, at 35(),0(K)/. This sum include-s twelve 
air-pump engines (allowing two for repairs), thy-l^r-threo pneu- 
matic tenders (three for repairs), sixty horses, four decanting 
station buildings, with all fixtitres complete, 1(),(K)0 barrels,* all 
the main and branch pipes with necessary valves, also branch pip(*8 
to public urinals, and all labour and super! tiieudence. 

2. Annual Receipts and Expendituuk. — The annual gross 
receipts, as derived from crops raised on the sewage farm, or by 
direct sale of mununt, for 100,000 inhabitants at 10s. per head, 
would be 50,000/. 

During the first thirty-five years the annual expenses would be 
about as follows : — 


Intenttt at 5 per cent, on a capital of £350,000 


£17,500 

General manager s salary .... 

£500 


Assistant manager „ .... 

m) 


Treasurer „ .... 

850 


Clerk 

200 

- 8,400 

Four decanting-station masters 

600 


Twelve ma<‘binists' wages .... 

1,500 


Sixty laliourers „ .... 

5,000 ' 


Feed, shotiing, Htc. of sixty horses 

, , 


P'uel for engines 

. 

. 3,600 

1 and ren<»wal of worntiut plant and st#»fk 


5,000 

Oilj taxes, contingencies, 


2,500 

khcpen: 


£40,000 

Recei|>ts as above 


60,000 

Clear annual 


£10,000 


3. Finanhal Scheme. — With these data before us, the follow- 
ing advantageous financial scheme might be suggest^. Let the 
required capital of 350,0001. be rai^ by the issue of 3,500 
bonds of lOOL each, ^ving a coupon sheet attached for 5L 
coupons, payable during thirty-five years. Let the surplus of 

* If a tovn or eomiMUij keeps a »team plough, for ploughiiig in the scwa^, even 
daring hard frost or d^ enow, the nombrr of barrels it of ooam considerabljr 
ledooed, none being irqnM for winter storage (nee page 130), 
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10, 0002. be annually devoted to paying ofif or buying bade 100 
bonds as determined by lot, but the holders who then receive their 
capital back to continue in possession of the coupon sheet, and 
draw the annual interest therewith just as before ; then of course 
the holders of bonds drawn the Srst year will receive their money 
back, and besides, during the course of thirty-five years, the 
total sum of 175{.; while those whose numbers are drawn the last 
year will receive the same totei sum, without, however, having 
the use of their capita] during the interval. This liberal scheme, 
which any corporation could very well afford, might serve as an 
inducement to the thrifty citizens of the town to contribute to- 
wards a most important improvement, and turn a handsome penny 
by the transaction. At the end of the thirty-five years the works 
wyi become an unencumbered property of the town, yielding a re- 
venue of 27,500i. per annum ; this sura, being made up of the 
surplus and the interest of the cancelled debt, might then be 
devoted to embellishments or further improvements, such as 
paving, lighting, street-cleaning with steam-traction swiping 
machines, or nyght serve to diminish rates and taxes. 

4. Soundness of Financial Scheme. — To show how easily and 
with what ceAasnty the ten shillings quoted here as the basis of a 
sewage revenue of a town may be obtained, we submit, by way of 
illustration, the following statement ; — 

According to Professors Johnston and Voelcker, in their * Cate- 
chism of Agricultural Chemistry,’ sixtieth edition, page 53, the in- 
crease of grain in a wheat crop obtained on one acre, by manuring 
it with 2^ cwt. 280 lbs, of Peruvian guano, is 12 bushels ; that is 
to say, with manure, 58 bushels are raised, and without manure 
but 46. * 

And according to Messrs. J. B. Lawes and J. H. Gilbert, in 
their treatise on the ‘ Composition and Value of Sewage,’ (Harri- 
son & Sons, London, 1 866 j, page 26, the annual fiecai matter of 
an average individual, if properly collected, is in agricultural value 
equal to | cwt — 75 lbs. of guano. Consequently, to obtain the 
same increased yield of 12 bushels on one acre, ^ annual 
human manure will be required; or, in other words, the faecal 
matter annually produced by average individuals will have an 
equal effect as 280 lbs. of Peruvian guano.* 

Now, the 12 bushels of* grain additionally thereby raised are 
worth at least 50s. per quarter, or 8 bushels. • £3 15s« (kL 
AMiile the manure is worth, for 3f individuals, at 
the rate of 10s. per 'head, supposing this price 
to be actually paid • * • • . .1 17s. 6d. 

Leaving still a clear profit per acre of • . £1 17s. 6d. 

It will be seen that, in this calculation, we have supposed the 
fiarm in question to be a separate concern irom the town-sewerage 
works; and that, after its owner had purchased from the corpora- 
tion the manure, at the rate of 10s. per head, there would sHll be 
IL 17#. 6<L per acre, or 10s. per head of population, left in profits 


• See eleo page FA 
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by the sale of the grain. If, then, the corporation had the farm 
under their own management, it would also reoeiTe this additional 
sum of lOs. per head, half of which is suflSdent to pay railway 
transportation a distance of 180 miles, at the rate of one penny 
per ton per mile, supposing the manure barrelled up to weigh 
746 lbs. or ^ ton;* while the remaining 5$. will pay whatever 
waggon transportation may lie necessary from the railway station to 
the farm lands. It is also evident that farmers, wishing to buy 
manure from the city, must live within a less distance than 180 
miles, in order to profit by the purchase, as they have to pay the 
transportation. 

In the above exposition of profits we have placed the total yield 
of*grain at 58 bushels per manured acre; but we have seen on 
page 164, that the Rev. Samuel Smith succetnied, at Lois Weed^n, 
in raising 80 bushels per acre on the area actually planted, by a 
process of interval-culture only, and without manure. We may 
thus safely take it for granted that, if he had added such a 
stimulus, the yield would have been increased by at least 10 
bushels, making the total 90 bushels. By Cfy)tain Liernur's 
fallow strip manure system the total crop p<^r acre would he* 
(because the planting lieds occupy only twev-thirds of the areaf) 
60 bushels, worth, at 50s. per cjuart(?r of 8 hush(4H,*375 shillings, 
which, divided over the 3} iinlividuals who furnished the manure, 
makes just 1 00s. or 5L per head. 

5. SiTMMAKY I'^TIMATE.— The dear annual profit of well ma- 
naged municipal sewerage works, after the original debt has been 
paid off within thirty-five years, may he siunined up as follows, 
per head of pojnilation ; — 

^ £ 0. d. 

I. Absolute annual market valu»* of manuri* per . . 0 10 0 

Total annual rxp<^nilitun* for muintonunce, working, all and 


ererj’tbing iucludt\l 0 6 0 

Clear annual profit on manure, (kt head of |M)pulatioii .060 
IL Not profit on aii^cultuml utiliHution in the ini* 


mediate vicinity of the town, |)er head of £ «. rf. 
the pc»pttlation . « . . . . 0 10 0 

Deduct waggon tranaport, fitc. , . . .060 

Clear annual agricultumi profit |>er heml of population .060 

Total cltaur annual profit {ler bead of |»opuIation . . 0 10 0 

111. If the iminun* hat to l>e sent out into the Cfjuniry, on 
account of the town, an average dialance of any ninety 
luibMi, deduct for railway trmnaport at the rate of Id, a 
ton per mile 0 2 6 

Leaving etill a clear annual profit per bead of population of £0 7 6 

With thcK plain figures before them, based as Uiey are on the 
preceding minute calculations, according to the fint scientifio 


* This ealtmatfl ia liberal, for 10 cubic foet, being the voltune due to one indtrSdoal, 
at the rate of 63 Iba. per foot, make but 630 Iba., WM allowing 60 Ibe. for each barrel 
holding 6 cobie feet, the tMurelled-up manure per head would weigh 730 Ibe, ; we have 
put, however, the a^ittonal 16 Ibe. on, to be on the safe side of Uie eetimatc. 

t The maanre of 6f men ii, in that eaee, evenly daetribnted over the remainiog 
} acre of land, bud oW in follow etripe. 
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authorities of the day, both in England and abroad, any corpora- 
ti<ni can easily form tbeir own estimate, as applied to the topo- 
graphical position of their town, and other local circumstances, 

6. Pboducthtekbss of Human Manube. — We have just shown 
that ten shillings' worth of undiluted, unadulterated, pure fmcal 
matter can grow ten times its value in human food. Ihis entirely 
agrees with the statements of «the most eminent agriculturists 
who have investigated this matter, such as Liebig, Boussingault, 
Saussure, Stockhardt, Macaire, and others, all of whom have shown 
that the annual solid and fluid voidings of an average individual 
suffice for raising 800 lbs. of wheat, com, oats, &c*, and 900 lbs. 
of barley. Now, taking the average weight of grain to be 50 fbs. 
per bushel, or 400 per quarter, then the same manure (weighing 
6^0 lbs. wet, and 50 lb& dry, see pages 74-5) is capable of raising 
two quarters, making, at the above assumed market value of 
50s., also the sum of 5L per head. And though, of course, only 
from one- fifth to one-sixth of the crop so raised is directly due to 
the manure, and the remaining four-fifths or five-sixths might 
have been raised without it, still the latter mode of culture could be 
carried out only for a certain limited period, when exhaustion of 
the soil would occur without fail. It may thus be asserted, ns a 
most valuable fact, that 1/. worth of human manure is capable of 
producing lOi. worth of breadstuffs, without in the least affecting 
the permanent fertility of the soil. 

7. Theoretical and Practical Value of Human Manure. — 
Much has been said about the great difference between theoretical 
and practical value of sewage, to the effect that, in actual farming, 
the high estimate of this class of tnanure is itot borne out by ftmts 
or experience. So far as there is any truth in this, it is easily 
explained. Until now, the only application has been wutb effete 
fa*cal matU^sr, or when in a high shite nf dilution ; the first kind 
having lost its strength by fermenhitiun in cesspools and the 
escape of stimulating gases by evaporation, the latter by its 
admixture with gi*eat volumes of water. But, notwithstanding 
this, cesspool matter, worthless as it is, is purchased in Germany 
by farmers from garrisons at the rate of 2 to 2^ thalers per soldier, 
making the market value 6 to 7^ shillings per bead, and in Alsace 
even 9 shillings is paid. Now, surely farmers must know better 
than anybody whether or not it is profitable to pay such rates.* 
But among those who have fairly investigated the subject^ there is 
no question or doubt about the value of this material ; for instance, 
Mr. J. B. Lawes writes to Captain Liemur, under date of April 10, 
1867, that fsecal matter should be estimated by the market price 
of the constituent elements in a dry state ; and this, we have 
already seen, amounts to 10 shillings per head of population. 

^ Aaotlier initaiiee of the praotieftl Telue of BbcaI maUer we ftnd in the oAcial 
report of the mnnicipal euthontiee of Groningen, to the Maatmkofpij vtm ATpcerArirf, 
•oeording to which a weeklj removal of excreta, together with atreel-cleani^, 
arnonnU to t0,00((^. (2,60(2.) per annum, whikt the eele of rntnnre ^ pnhlic anetian 
yields 60,00q^ (^4,167/.), leevii^ thus a deur annual profit of 2O,000X (1,667/.) in a 
town of 27,000 inhabitanU (see also psM 24). Such matter of lact statements eom- 
pletely lofhte the fimlish idM of a certion igrieaknral chemist menttoned in psge 42. 
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8. Extent or Useful Affucation. — have just, stated that 
a town possessing sewerage works according to the new system, can 
well afford to transport the manure to farms, 180 miles distant, 
per railway. As transportation by water is far cheaper, of course 
the circle* of utilisation can be proportionally much enlarged, if 
there is any navigable stream in the way. This is of the utmost 
importance, as we have seen that the manure of individuals 
suffices for one acre. If we, in onlcT to deal with round figures, 
assume that one acre requires the manure of 4 individuals, we 
find that a population of 100,000 can maintain the fertility of 
not less than 2i^,(KK) acres. This would satisfy the wants of a 
great numl^er of farms of various dimensions, and in all din*ctions ; 
and the managers of lands leased by the town would then la^come 
stewards in the pay of the corf>oration, eac*h receiving regularly, 
j>er train or boat, his daily quota of manure, and accounting to 
the sewerage works for the crops raised. 

9. FAriLiTY OF iNTiionrrTiox. — It is to be hoped that town 
corporations will not be hcKI back frotn adopting this vast scheme 
of utilisation, by the apparent trouble and surveillance a proper 
and efficient rnanagennujt may be thought to necessitate : for, in 
the first place, this is really far less than it W(\pW seem ; and 
secondly, it can be made still more sijnple by adopting a system 
something like that which we presently will venture to submit. 
If, however, through fear of ciiinplieation or other circumstances, 
corporations should decline to engage in such W(»rks, th(*y slnuild 
by all means be tak(*n in hand by joint-stoetk eoinpanie4<, who 
would find concessions for long peri<Kls to be more riMuunerntive 
than any other busiin*ss they c(»iild possHdy engage in. In that 
case, no premiums slstMild lie exacted for such eoncr^ssions ; for it 
is hardly just that pay should be tak(‘n fi»r that which a corpora- 
tion might refuse themselves to undertake. 

10. Gradual Introduction. — It is evident that the gradual 
introduction of this system of sewage collection and utilisation 
w^ould, in course of time, lead to a total revolution of the present 
state and condition of agriculture. We use tlie word ‘gra*lual’ 
on purpose, for the sysUun lias this most valuable feature, that it 
is applicable to a part only of a town, making thus the necessary 
changes and new arrangementii 1 <;hs violent ; for it is well known 
that sudden transitions in affairs or principles of management 
do at first often more liarm than good, the salutary effects being 
sometimes only felt long afterwards. The revolution here alluded 
to, will not only considerably incr(*ase the traffic of railways and 
navigable waters, by the continual transportation demanded for the 
new branch of business here opened, but also cause the gradual 
extinction of the import of guano and other fertilisers* Besides, 
thousands of acres will be brought under superior cultivation, 
which now lie partially or entirely waste. 

11. Centbal Agbicultural Bubbau.— To avoid confusion, and, 
above all, the competition which would arise through the simul- 
taneous search for land, by different corporations or companies, 
the location and adaptation of sewage farms should be entrusted 
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to s e»tnl <Uracting body; vhich, bendn ibis aSotmaM, 
ymirf. advantageoiuly control and audit tire Mooonto 
^11 ccmoenidd* 

To effect both these purposes a Central Agricultural Bureau 
might be instituted, having its seat in the metropolii^ vriiose first 
oare should be the construction of carefully drawn maps, showing 
all the lands, ^both waste and under cultivation, in Great Britain 
and Ireland. By means of peculiar signs or shading in the en- 
graving, the character and nature of the soil might be indicated ; 
while, by colouring, it might be shown, whether it is pasture or 
p/ough land, &c. Such maps have been prepared by Professor 
W, C. H. Staring, author of the ^ Huisboek voor den Landman^ 
for the kingdom of the Netherlands, and imparted much useful 
information. Among other things, this map reveals at a glance 
the astonishing fact, that even in that highly-cultured country, still 
one-fifth of the arable land lies waste and untilled. An analytical 
catalogue should also be got up, showing the extent and ownership 
of lands, the duration and date of expiration of leases, rates of 
rent, average produce per acre, &c. With the information thereby 
furnished, and the means of transport per railway, &c , also shown 
on the map, it could not be difficult to arrange a proper system of 
allotment or aelpction of sewage farms, so that each town should 
obtain lands within the shortest possible distance ; but, above all, 
the said bureau would serve for a proper distribution of waste 
lands for reclamation. 

12. Unifoem Ststem of Accounts. — Another good feature 
would be, if an exactly uniform system of book-keeping were 
adopted by the various sewerage works, for the purpose of 
facilitating a regular monthly audit of alK their accounts. As 
immense sums would be involved in the management of these 
works by the issue of bonds, by the payment of their coupons, 
the expenditure for coustniction, administration, labour, and main- 
tenance, and by the sale of crops,* it would l>e good policy to 
arrange, from the very first start, some method by which bond- 
holders and city treasuries might be guarded against all irre- 
gularities and frauds. 

13. Central Auditort of Accounts. — For this purpose we may 
suggest a central auditory, composed of as many gentlemen well 
qualified for a strict examinatiou of accounts as there are towns, 
or districts of towns, which have adopted the improvement. These 
auditors would receive their salaries through the chief of the 
agricultural bureau, out of a fund raised for that purpose from 
the various towns. The audit should be monthly, and the ap- 
pointment of auditors to the various towns always be decided by 
ballot. This continual change of auditors would make fraud 
almost impossible, without occasioning any inconvenienoe to the 
central bureau, b^use, the books ^ing kept on one uniform 
principle, each auditor would feel equally at home with every 
concern in any part of the oountiy. It mi^t also be made a rule, 
that every monthly auditor ahoidd revise the audit of his pre- 
decessor, so that, should an error have escaped notice, or any 
irregularity have been committed, it would be sure to be discuvend 
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ibe following month. This role being quite genend, and its per* 
sonal application subject to the chance of the ballot, it could not 
for a moment be considered to reflect upon the character of even 
the most punctilious ; on the contrary, erery right-minded man 
would cheerfully concur in a measure, the obvious and only aim 
of which would be the increased safety and ultimate benefit of all 
parties concerned. The monthly audits should be so arranged 
that, on being joined at the end of the year, they would dovetail 
into each other, and form a harmbnious audit for the whole period. 
In regard to the books themselves, the manner of keeping them, 
and the items to be stated, we may refer tlie reader to our work 
on * Statistical Book-keeping,’ • in which everything relating to this 
matter is fully explained, and illustrated by tabular examples, 

14. Agricultural Statistics. — Abstracts of audits, accompanie<l 
with reports concerning everything which might be of general 
interest regarding the sewerage works of the various towns in 
question, should be handed in regularly to the central bureau. 
The valuable facts thus collected would form the chief rnatt^rial 
for a periodical, either weekly or inontldy, to he published by the 
chief of this whole system (»f administration, or under his im- 
mediate supervision. This paper, if pro|K*rly conducted, would 
eventually be able to give complete information regarding all the 
agricultural resources of the country, the price of food, tlie value 
of labour, and every other <|ue8tion connected with the Hubjt‘ct. 

15. Safe and Profitable Investment. -Besides the direct prac- 
tical utility of tlie administration scheme h(*re proposed, tlnsrei is 
no doubt but that it would afford fur greater semirity to the 
abundance of capitaj always seeking investriient, than certain 
companies and stockhroking concerns, which btit too often cuirich 
a few only at the expense of the many, and by whose transactions 
the total weal til of the country can never be increasetl. (’om- 
paoies which are based upon unsound speculation can hardly be 
expected to be honestly administered, lliuiee we find that, in 
many cases, shareholders, sooner or latter, suffer by the mysterious 
disappearance of royal fortunes, the process being only known to 
those behind the scenes, whilst, in the usual investigation after- 
wards, it geiH*rally turns out tliat there is noliody at all to blame. 
It is far different with joint-stoc^k enterprises for useful public 
purposes, the tangible benefits of which are felt by all; they are 
the most powerful agents to bring about impniveinenls otherwise 
impossible to execute. The * Times’ of January 25, 1867, says on 
this subject: — ‘Whatever may be the feeling <»f st)ck speculators 
on the point, it is obviously desirable to disabuse the public of the 
idea generated from the rashm^ss of a few beadlong financial 
managers, whose heads were turned by being allowed to play with 
millions, that joint-stock enterprise in England is inherently 
unsound, and that it cannot in the future be, as it has been in the 
past, one of the main elements of our extraordinary prosperity.’ 

There is no question, then, but that the existence of a sanitary 

* Krppp’s dutiiitical Book-kf-epins. I/indon, Ijongmaiui and Co. Further particn- 
Ian see at ibe conchutioD of this work. 
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and agricultural improvement scheme, vrith something like the 
management here suggested, would be a perfect blessing to the 
country; because, in the first place, its purpose would be that of 
securing health and abundance of food, certainly the very best 
and most useful enterprise that could be. proposed ; and, in the 
second place, because, by the precautionary measures alluded to, 
a feeling of security would be engendered between shareholders, 
managers, auditors, and the public generally, which could not but 
contribute largely to the peace and happiness of all. 

16. Phacticability of thb Scheme. — And let not the reader 
stand aghast at the difficulties to be overcome in carrjing out such 
a scheme, nor give ear to the croakings, mournful forel>oding8, 
and prophecies of failure by conceited old fogies, who always see 
impossibilities and impracticabilities in new contrivances. If all 
were left to these great stumblingblocks of progress, who con- 
sider all inventors as dangerous agitators, and disturbers of peace- 
ful slumber, the world would still be centuries behind. Their 
objections to such improvements as paving roads, lighting streets, 
steam locomotfbn, post-stamps, etc., are matters of bistor 3 \ But 
the indomitable spirit of the age, created and kept alive by a few 
bold tbinkera, has successfully brouglit about many an enterprise 
far more complicated and difficult than the scheme here pre- 
sented. As a recent instance we may point to the Atlantic Telfe- 
gruph, in the laying of which two unsuccessful attempts were 
made, involving the loss of not less than 1 ,35(),(KK)t., but which 
notwithstanding was finally crowned with complete success. And 
the same unfaltering perseverance will soon enable us to send our 
messages flashing round the whole globe I 

Nor should we be kept back by the adverse judgments of old 
practitioners, who, by long routine in their own method, imagine 
there is no safety whatever out of their beaten track. How' un- 
reliable such opinions often are, can be seen by the statements 
made by Dr. D. Lardner, barely forty years ago, at the Royal Insti- 
tute, and in the presence of the most eminent scientific men of 
the day, and members of bt>th Houses of Parliament, when he 
maintained and proved, by logical deductions and algebraic for- 
mula, the utter impossibility of crossing the Atlantic by steam 
navigation. Another instance is afforded by the notorious fact, 
that nearly all improvements in the form and structure of ships 
have been regularly and persistently opposed by the most expe- 
rienced sea-captains, and knowing, weatber-b^ten old sailors. 
Why, if they had had all their own way, we might perhaps still 
navigate in the round-breasted little tubs of centuries gone by. 

Captain Liemur’s system luckily embraces no new principles, 
or even untried mechanisms ; it deals with well-known powers, 
such as pneumatic force and steam, in such shapes as we are 
Bi!CUBtom^ to see in operation ; at the same time, the new system 
can hardly be reduced to greater simplidty, because the main 
agent, atmoepherio air, cannot at all be improved upon, while the 
treatment of the manure is of the cbeap^t aud simplest kind, 
namely, that of letting well alone, and not mixing it with anything 
at all. There is thus a splendid field of enterprise for an intell igent 
and enterprising people, which, if entered upon in good Mth, 



PRAonoiBiUTT Of m Sonxi. 


177 


cannot but redound to the benefit of all, eepedally in a country 
like Great Britain, where there is no lack of clear-beaded, faN 
sighted, energetic men of business, willing and able to take firaly 
bold of a good new idea, and carry it out to its logical conclusion. 

And Parliament, which has already taken a step in the right 
direction by its Hirers’ Pollution Act, will no doubt soon assist ^e 
scheme here proposed by corresponding enactments, on impartial 
evidence being given of the sinful waste of manure incurred by 
dilution of sewage with immense Volumes of water, and its ap- 
plication to poor pasture grasses; and, sooner or later, a law will 
be passed, forbidding this crime against public health, agriculture, 
and economy, on the ground, that thus to throw precious 
fertilisers away is to t^w away the bread of millions I 
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X. MORAL, SOCIAL, AND NATIONAL PROGRESS. 

« 

1. IicPBOYBMSNT OF PUBLIC MoBALiTT. — A moBt important result 
of tbe sewerage system here advocated will be improved public 
morality, consequent upon increased cleanliness among the masses 
of the people. There is, perhaps, no agent more powerful to 
debase morals than * fainiliarity vrith dirt’ The constant pre^nce 
of filth, the diflSculty of its removal, or the hopelessness of all 
attempts for that purpose, will give even to an individual of cleanly 
tastes, in a short time, dirty habits of dress and person ; and the 
organs of sight and smell becoming blunted, a gradual descent to 
vulgarity of speech, low manners, indecent exposure, prostitution, 
and complete moral perdition is comparatively easy. 

This is, abo^e all, the case in large cities. It is not so very long 
ago that the public were startled by descriptions furnished by the 
London preta^of the truly awful condition of certain tenement- 
houses, crowded to excess by paupers of all kinds, and so shame- 
fully neglected by rapacious and unprincipled landlords, as far as 
sanitary arrangements were concerned, that the pigs of any re- 
spectable British farmer were better housed and cared for than 
the wretched inmates of these squalid, filthy, noisome tumble- 
down rookeries. 

This state of affairs has been more than once graphically 
illustrated by 'Punch,’ and was again alluded* to in a poem, entitled 
* The Augean Stable,’* dedicated to the Social Science Association, 
of which we quote the following pathetic lines 

* The eewa-ge that ehould feed the Icmd^ 

Mad-e poiem for tho town : 

The itreams^ hut eewere for the etrand^ 

To drink tie ordure down. 

The home a den, where human souls 
In beasts^ lairs bestial grow : 

And hand, in hand, that sister hand. 

Vice, Drusikenness, and Woe ! ’ 

2. Dwxxxxkos of thx Poob. — ^N ow, one of the most revolting 
features of such tenement hovels is always the utter incapacity of 
privy accommodation to ensure common decency, self-respect, 
decorum and virtue, among the unfortunate people doomed to live 
and rot therein* It is, no doubt, partly this which drives these 
poor outcasts to the gilded gin-palaces, there to drown sorrow and 
despair in the cup of momentary forgetfulness, which but too soon 
laads to intoximtion and the lowest aenniality; it ie just such 
peMilential dens which continually send forth swarms of jaT«Ue 
pidcpo<^ets, prowling prostitutes, and desperate garottera to infest 
4 Mir staeets, and wage an inoessant war upon sodety, bidding open 


• Gm 'Fuch,* Oetabw It. 1868 . 
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defiance to all laws, human and divine. What else can we expect 
of beings bom and raised in such ^ hells upon earth/ continually 
breathing a poisoned atmosphere, drinking, if any, only poisoned 
water, whilst body and soul are stuped in physical and moral cor* 
ruption, dooming them from their very infancy, to disease, misery, 
vice, and crime ? 

Ibis condition of affairs is especially aggravated, and rapidly 
brought to a crisis in tenements where the mistaken zeal or want 
of knowledge of the Board of Health has caused the compulsory 
introduction of waterclosets, which, by a failure of water supply, 
or breakage of valve*gear, soon become entirely unfit for use ; and 
then, in a short time, create a great accumulation of filth, through 
the number of individuals, often in the proportion of a hundred or 
more to one closet, which they are meant to occommcKlate. Then, 
first, the immediate vicinity, and, finally, any place in Die locality, 
whether yard, street, or the house itself, is usihI hy sheer necessity 
as a place of deposit for faecal matters, until at length the whole 
neighbourhood reeks with filth, and becomes a region of nastiness, 
revolting beyond description. Indeed, the old plain perforattxl 
seat, with a cavity underneath and no basin to reiiiin any ntatier, 
is by far to be preferred, merely liecause it cannot get out of or(h‘r. 
But when the cavity itself is constantly purified, hot^^ of Hul)stnnces 
and gases, by atmospheric force, as in Captain Liefnur's systtau, so 
that no clirt can accumulate auywluTe, and only the cleansing of 
the seat is left to the inmates of a house, there is no doubt but 
that the cause of much inteuse misery will be effectually removed. 


3. Philanthropic Enterprise. — Fortunately, much has already 
been efiected by individual philanthropic enterprise, towards alle- 
viating the most deplorable stat^ of affairs descriliecl. We all re- 
member how warm an inti^est the late lamt*nU*d Prince Consort 
took in the amelioration of the dwellings of the working classes 
and the poor. We all know, that for years a similar philanthropic 
course bos been followed by the Emperor Napoleon, who, in sUjudy 
pursuance of his generous aim, has sent to the present great I^aris 
Exhibition a new model, of his own conception, of an improved 
working-man’s house, combining all that can be desired with regard 
to salubrity, economy, and domestic comfort,, thus slotting once 
more a glorious example of the incessant care that should be taken 
for the material welfare and moral elevation of the humbler classes 
of society. 

The princely gift of that magnanimous American, George Peabody, 
Esq., to the metropolis, for sheltering the homeless poor, is follow^ 
up by a similar beuefaction from another great philanthropist, Miss 
Burdett Coutts, who, it is understood, has procured an Act of 
Parliament for entirely cleariug away one of the most densely 
populated and pestilential districts of the metropolis, and there 
building instead, at her own expense, for the use braefit of the 
deserving poor, a number of cheerful, healthy, comfortable lodging- 
houses, surrounding an airy, handsome market-place. The Marquis 
of Westminster also advanced a large sum to the * Metropolitan 
Association for Improving the Dwellings of the Industrial Classes,’ 
for the purpose of erecting a large bl^k of buildings, five storuMi 

m2 
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1^ mii» nS tbo Athiitic, Mr« Ju % SteM^ of ISm 
1R^Ai§|iiapQflas to fffe a lofllioii ctf dollars Jbr liio oiecticsi t>f good 
"‘jqili'liii-ffnt bouses, upon condition that the dty^uriiidbes gmttd for 
ihe same. * Harper^’s Weekly/ of October 27, 1866, :sa3% oonoem^ 
fug this plan : — 

* We do not understand that Mn Stewart^s intention is to erect a 
poor honse, or at least a place in which poor people are to be made 
panpers and treated as such, but that he designs healthfbl and plea- 
sant dwellings at truly moderate but just rents. He does not offer a 
premium upon poverty, bnt he hopes to furnish pleasant, airy, and con- 
venient lodgings at tne same price which is now paid for noisomeness, 
filth, darkness, disease, and death. Probably he knows quite as well 
as the rest of us, that clean houses alone are not enough to make clean 
people, but he doubtless is also fully aware, that dirty and detestable 
houses do not make people clean. He sees also, we may infer, that a 
vital reform of the inhabitants of the slums must begin outwardly in 
their material conditions. Sunday School tracts, however excellent in 
themselves, are very pointless to a starving man ; while the Christianity 
which begins by^timulating and helping those who are willing to help 
themselves in any way, at once proves itself to be a system of brotherly 
love. Good tenement houses in New York will be a model for all 
other citieSf while the wise generosity that builds them will inspire 
similar designs everywhere.* 

^Harper's Weekly ’ remarks further very justly: — 

* The extortion practised upon the poor by the owners of the horrible 
rookeries in which the poorest people of this, or of any great city, 
huddle, is among the chief infamies of civilisation. If half the zeal 
were given to the prevention of crime that is bestowed upon its punish- 
ment, the sum of human happiness would be infinitely increased. At 
least half the taxes go to correct consequences which a very little 
foresight would have avoided.’ 

4. Clkanlinrfs next to Goduness.— Now, seeing that all human 
experience has shown proper privy accommodation and efficient 
removal of sewage to lie unquestionably at the root of all sanitary 
improvement, and at the same time to prevent, in a great mea* 
sure, moral degradation, proving thereby the truth of the 
scriptural admonition, that * cleanliness is next to godliness,’ it 
surely would be a great pity if the magnanimous efforts of these 
philanthropists were partially frustrated by providing their new 
tenements for the poorer classes with blundering fixtures of past 
times so detrimental in their effects, that they would undoubtedly, 
in course of time, convert these new comfortable homes once more 
into dens of pollution* And it is to be hoped that these noble 
minds, having given the world an example of what practical 
Christianity is capable of, will go one step further and contribute 
to prevent much disease and vice, by adopting a system which 
a conscientious and laborious investigation and the concurrent 
judgment of many eminent men have proved to be undoubtedly 
the best of all hitherto proposed* For the Scripture says 
ix* 16, 17) : * No man patteth a piece of new doth unto an old 
", for that whiA is put in to fill it up taketh from the 
» and the rent is made troise* Neither do men put new 
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wim imto M UMm; dm tl# hoMm hrmdc^ and the mine mnneA 
oiii| emd ike hetdm periek; hat Am pmt new wine into new 
bodtee, and both are pfm er ve d/ 

5. SeomutrtiicviOHOf Lffiooi^ 

ter menttooed, m one of the diief meriti of ttie memnetio aewer* 
age i^stein, that it may be introduced ffradualty, and that thua 
the objections and troubles vanisht always acoompanying eoiiq>]ete 
revolutions in the arrangement and management of matters upon 
which all our social comfort depends. We have also seen that» 
through the generous initiative of philanthropists splendid 
opportunities thereto will be afforded as regards the dwellings of 
thS humbler classes* We will next call attention to another most 
important movement^ contemplated by the Mart^uis of West- 
minster, which will make such an introduction and change at once 
easy and practicaible also for the higher ranks of society. We 
allude to bis grand plan for reconstructing the entire south-west 
portion of London. To give the reader a Just conception of the 
magnitude of this enterprise, we can do no better than quote 
from the * Spectator ’ of December 29th, 1866, the following account 
of the works intended by the (Irosvenor family ; — 

t • 

‘THE RECONSTRUCTION OF LONDON* 

‘ The “ Standard ” published on Christmas Day a very remarkable 
paper, which pn>bably was very little rt‘ad — an acnH)unt of the pdcoh- 
strm^tion of fiishionablo Ijondon, now in progress undc^r the orders of 
the Grosvenor family. Owner of the soil from the west side of Rond 
Street to Sloane Squares in Chelsea- of an estaU^ that is, which in- 
cludes all Tybuniia, all lielgravia, and all Pimlico, Imasting the ftnesi 
and most secure rent-i8>11 in Europe, and possessed with the passion of 
business, the Manjuis of Westminster is in his own district almost aa 
powerful as M. Haussmann in the Department of the Seine. “ Landlord 
of* the House of Commons,*’ and with whole batches of peers among 
his tenantry, any apfdication of his for a privat-e Act is sure to meet 
wdth attention, while his right of destruction as ultimate landlord is, 
as the leases fall in, more complete than that of tho Patisian prefect. 
M. Haussmann could not leave gn»at uncovered s{)aoes in Paris, for if 
he did the evict<d might murmur loudly, and the Emfioror interfere ; 
but the Marquis can. He could within twenty years rcmler west 
lx>ndon uninhabitiihle by a mere fiat, and it would task the whole 
power of Parliament to interfere with his caprice. Fortunately ho is a 
sensible man, who loves money, and has some groat ideas ; and he is 
taking advantage of the falling-in of his letises to make sonth-west 
London a city worth}' of the richest, if not the most illustrions, aristo- 
cracy in the world. If the writer in the “ Standard ’* is not misinformed, 
and he must have derived some at least of his facts from the ruling 
architect, for he details plans as yet not c;ommenced, th^ Grosvenors 
will, before 1880, have turned a camp of brick and stncco into a city 
of Portland stone. As each batch of leases falls in the houses are to 
come down, even Grosvenor Square being doomed, and the lease- 
holders either rebuild them on the plan framed by Mr. Candy and 
approved by the Marqnis, or the landlord does it himself. Stucco and 

* Not wisbing to iinpsir this ezcsllsot sitiele hj ffigmentery qvoUtioa. we frpto- 
dnrv it entire ; the more so os the Msiqnis of Westminster's soieme is no donhi oes- 
tined to plsy s most eonspicnoos part in the regenemtioii of the metropolis, especially 
if pnemnst'c sewerage shonkl be inaugomted at the same time. 
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fliiLm gmerajly are atrictly forbidden, and &e plm as described seeks 
a kind of congraity of stateliness which, unless it k wisely restricted, 
may interfere a litide too much with comfort. • A oily needs buildings 
other than palaces and stables. The guiding idea of that plan is to 
make the OroBvenor estate the residence of the rich, to cover it with 
houses which in any other city would be called palaces, to exclude all 
meannesses and uglinesses, as well as all sources of disease, and make of 
west London the most aristocratic city in the world. There is nothmg 
whatever to hinder the realisation df the plan. The Marquis is as rich 
as a city himself, the family can afford to spend a generation or two on 
their great work, for under our system a Grosvenor succeeds, the list 
of expectant tenants is endless, and there is no po8Bibili|y of resistance 
from without. If the poor are provided for, which will, we trust, be 
the case — ^the public have no right to complain ; and if they had, the 
complaipt must be loud indeed which would induce Parliament to in- 
terfere with a great proprietor’s right to do as he will with his own. 
An outside observer may think that a system under which an indi- 
vidual can own a whole city, can order an entire aristocracy to live in 
the houses which seem to him best, can even compel them to spend a 
sum of almost national importance because he holds certain ideas of 
architectural propriety, is not a system calculated to endure. The 
privileges of property hold their ground, however, while the privileges 
of rank decay : the Senatorial families doubled their properties after 
the Senate hadq^ased to reign, and power like that of the Marquis of 
Westminster, if only wisely used, may survive our grandsons, or, for 
that matter, theirs. 

*In this instance it is wisely used. The Marquis, strong in his 
wealth, his proprietary rights, and his breadth of design, will carry 
out in south-west Ijondon just the revolution which Parliament will 
one day have to carry out in the east. The more the great problem 
(»f London is consitiered, the more certain will ^it apj)oar that, to trans- 
form the huge camp into a n^ally great city, a place in which four 
millions of Englishmen can live without the meft fact of locality l>eing 
a deduction from their stnmgth, or cai)aeities, or happiness, tlie Mar- 
quis of Westminster’s plan is the only one worthy of very serious 
tlanight. All kinds of palliatives have l^een, are being, and will be 
tried. Wo shall reduce the miasma by sewers, the sulphur by smoke 
drainage, the filtli by a tolerable supply of water, and the overcrowding 
by an extension of the principle of the Lodging-House Acts ; but when 
all those things have been done, oast Loudon, from Mecklenburgh 
Square to Stratford, will still remain a miserable city, an encampment 
of brick huts, wanting in comfort, in beauty, and in the healthy 
vigorousness which ought, pare the country squires, to bo the special 
feature of Uie true city life, the only life in which man can have all 
the advantages of association with ^ tlie benefits of indiridual inde- 
pendence. In those long lines of grey houses, too thin to keep out the 
cold, too huddled for ventilation, too isolated for cheapness, there is no 
possibility of any true or great municipal life, no trace of scientific 
civilisation which might and would compensate for all deficiencies of 
pure air, anAclear prospect, and fresh water. When we have done all 
that tbe Metropolitan Board dream of doing and all the philanthropists 
will attempt, the necessity of entire reconstruction, by parishes instead 
of streets, by blocks instead of individual bouses, will still remain, and 
it is this necessity which the legislatoro will in the end have to fiace. 
There is no Marquis of Westminster east of the city, no ground land- 
lord ricdi enough and wise enough to perform single-handed the func- 
tion of a great municipality. It would be well for east London if there 
were ; fiir tihe enterprise of converting a dty like Shadwell into a city 
Vks Gen^ insane aa it must appear to cursory observers, is neverthe- 
less poiaable, would pay, and i^ht with such a landlord ultiinately 
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lie oaaried out There is no one to do it and it most be effeotedt if at 
alt Vy state acting through a municipality or a great building 
oompanyy or a department of its own. Business philanthropists like 
Alderm^ Waterlow may try an experiment here and there, gifts like 
Mr. Peabody's may be used to create model settlements, philant^pio 
women like Miss burdett Coutts — ^Mr. Ayrton's queen of the poor — 
maj turn hamlets of huts into comfortable villam, but all these things 
are but hints of the great work to be accompliimed East London has 
to be carried into the air. We want streets of blocks like Alderman 
Waterlow'Sy cities of edifices like the Peabody buildings, parishes of 
settlements like the one Miss Burdett Coutts has finished m Bethnal 
Green. Ten Florences would barely house the nopulation east of 
Temple Bar, and we have not a municipality, or a board, or a ground 
lanMllord, or an ofiicer with power even to recommend and plan such a 
work, far less to carry it out. Suppose the city, for example, were 
authorised by law to do within its rigidly defined dominions what the 
Marquis is doing within his kingdom without any law at all--»to makn 
individual landlords rebuild n{)on a clc^ar and magnificent plan. Or 
supi>o8e a great company, helped by the state under the existing Act, 
authorised to take Shoreilitch at its value, on condition of rebuilding it 
upon a plan authorised by the first commiHsioner of wf>rks after con- 
sultation with Parliament. Too exjienHivo ? The Marquis of West- 
minster has the reputation of being one of the keenest and hardest men 
of business in the kingdom, who can subscriln) l(),(.KM)i^to a fund, but 
who can also resent IxMiig eheatcMl of a halfpenny, lie is not rebuild- 
ing Grosvenoria in order to im|K>reri»h his grandchihlren, wo roly on 
that. Too despotic P It is only by a despotism as strong as that 
which the Marquis exercises that we shall ever atjcornplish the end in 
view, an end much greater than that for whi(*h we are even now invest- 
ing tljo Metropolitan Board of Works wilh all the jiowen* they riMiuire. 
That board is alxjut, we are iohl, to pull down tin* stro«it in which we 
write and rc*build it, to the grave annoyance and loss of every single 
individual in the 8tric?t, simply lK»cause it breaks w'hat would Ih» a 
Itaudsorae line of houses from the Thames side to the Strand, No nre- 
scriptive right, no lease, no damage to pro|M?rty is allowed to stand in 
the way of a pictures<][uo improvement, and fighting the board with an 
idea " in its head is as nseless as fighting M. liuussmann when his 
masons are out of work. We do mit object, we concede that “ tyranny,” 
t. r. the disregard of individual interests, is the condition of [»ablic 
improvement ; but if we vest the board with such powers in the in- 
terest of architectural perfectness, why are we to refuse them in the 
interests of a vast population P The truth is, we treat this whole 
matter in a petty spirit, of which a single proprietor like the Marquis 
ought to make us ashamed. Sap{K>so he owned the City lic^ad fwm 
Paddington into Finsbury. Ten years hence nortk London would 
have a boulevard of which Paris might Ix} proud, with handsome shops 
and broad pavements, and pleasant limes, a worthy nexus between the 
left arm of London and its heart. There is not such a site for a boule- 
vard in Europe, and why should collective London or collective 
l&igland be so mneb meaner in thought and design and grasp of possi- 
bilities than an individual fx^T ? We call ourselves a practical people, 
yet are afraid even to think out fairly the means of making our metro- 
polis habitable, even to dre^am out a thorough reform of the place in 
which one out of eveiy eight Englishmen is condemned to live. An 
individual coolly announces that he has decided to turn the governing 
class out of doors in order to re-house them a little better, and eveiy- 
body snbmits with a murmur which sounds like praise, and the git^ 
demagogne of the day grows eloquent over the wealth the plan will 
yield to a &mily treasury. And yet, when it is ptoposed to do pre- 
cisely the same thing almost the same means for the people, we are 
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told that Snell pluis aire dToams, ihat London must remain an encamp- 
ment, that for England to build a city is a suggestion either dangerous 
or absurd. It may be so for this generation, but the di^ an educated 
multitude becomes aware of the difference between what London is 
and what London might be, the suggestion will be carried out, and the 
ol]jection to the hand which executes it will not be based on its want 
of power.’ 

All we have to say for the present about this grand scheme of 
the Marquis of Westminster is, that England may well be proud 
of one of her noblemen proposing to do for the sanitary and 
ai chitectural regeneration of the metropolis, what the Emperor 
Napoleon has on such a magnificent scale effected for the capital 
of France. » 

6. London Building Cohpanibs. — ^That such radical changes as 
just described will be followed by similar ones in another direction 
can hardly be doubtful, for every one must admit their absolute 
necessity in a locality like London, where such large masses of 
people are accumulating in comparatively so small a compass. 
Thus the * Tim^ ’ says : — 

^ If a company were formed, sufficiently powerful to buy up large 
areas in the iK>qrer districts of London, and were to erect good, lofty 
dwellings, they would probably find it easy to obtain a rent which 
would ensure them an ample profit. If, however, this be the case, 
capital will be sure, sooner or later, to engage in this enterprise, and it 
wul then solve the problem in the only manner which can be perma- 
nently satisfactory. In a word, the best service which the members of 
this deputation * could do to the cause they have at heart would be to 
encourage and assist in the formation of a large company, which 
should demonstrate practically the remunerative character of an invest- 
ment in building houses for the poor.’ * 

This suggestion of forming a powerful company for recon- 
structing also the poorer districts of London, we find further 
advocat^ by the ‘ Spectator ’ as follows : — 

* It is possible, by a loan from the state, most amply and fully 
secured, to induce builders to reconstruct veiy extensive tracts of 
London; to reconstruct, in fact, all of it by degrees, if only they can 
obtain the sites.’ 

In treating of the pecuniary result which may be expected, the 
^ Spectator ’ goes on to say 

*In fact, the whole difference between 3^ per cent, and the net 
rental will be profit, no private capital being required ; and the true 
agency for suem a work would be either a co-operative association of 
masons, such as the one which is executing such magnificent works 
in Paris, or, ai^ much better still, the Metropolitan £^ard of Works, 
which woulff thus obtain in the end a vast revenue independent of taxa- 
tion The state would lose nothing, any more than the Marquis of 
Westminster does, its loan beins as wdl secured as any money lent on 
the security of landed property.” 

7. Annual Rxvinux or Rioonstructbd London. — The above 
quotation from the * Spectator * suggests a consideration, which at 

s Tb» diontstioa that waitad upon Lord Derby to plead the cause of the London 
*HoineleM Jrair.' 
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once points out the practicability of this scheme of reconstruction ; 
for surely the city government should not object to emb^k in an 
enterprise so highly conducive to the public good, and which 
would be but a counterpart of that which a single nobleman is 
about to carry out by way of a safe investment of his capital. To 
show the absolute safety of such an enterprise, merely in a 
financial point of view, we may point to the revenue which, in 
addition to that mentioned by the ‘ Spectator,’ would accrue to the 
metropolis, if at the same time the sanitary improvements involved 
in Captain Liemur’s system were adopted. By referring to page 
172, we find that, unless such eminent men of science as LMng^ 
Lawes, GUberU Way^ Hofnmnn^ Witt, Voelcker, Thudichuvi, 
StSckhardt, Bouaaingault/Sauemre, Macaire, Jtfdrccf , and others, 
are entirely wrong, and the practice of thousands of fanners is 
based on an egregious error, when they pay from 5 to 6 shillings 
per head even for effete cesspool matter — the full amount of 5i. 
worth of human food can be raised, by proper agricultural manage- 
ment, with the manure obtained per aurium from an average 
individual ; and the sale of the manure alone would yield the city, 
after the debt incurred for establishing the woilts is pai<l, and 
after all the maintenance and working expenses ai*o deductwl, 
a clear annual revenue of 82r),(KH)/. for its three piillion inhabit- 
ants, estimated at the rate of 27,5()()Z, per 1 (>0,000 souls, as fully 
established by sound arithmetical demonstrations on page 170. 
To this handsome income must 1 k» ndd(*d the profits of whatever 
farms the city would take under its own management, in order to 
utilise that part of the sewage which could n(»t be sold to sur- 
rounding agriculturists. The fmcal matter of three million in- 
habitants is sufficient to maintain the fertility of not less than 
750,000 acres, equal to 1,172 square miles; a tract of laud 
contained in a circle of say 25 miles radius, a liberal allowance 
being made for space not accessible to cultivation. 

Assuming the average distance from the city as a centre to be 
15 miles, then, at the ratio Tnention«*d on page 171, the sum of 
2s. 6d. per head would fully pay for all railway and farmroad 
transportation of the manure, leaving, for profits on the increased 
crops thereby obtained, even after the first 10s. per head are paid 
into the city treasury, still 7s. M. per head of population, or say 
1/. 10s. per acre. If then all the sewage was bought up by the 
surrounding agriculturists, as there is but little doubt will be the 
case in course of time, the handsome annual sum of 1 , 1 25,OCK)f., 
obtained from profits on increased croj)s, would accrue and be 
earned by them, according to the extent of ground worked by 
each. If not, the city would obtain its proportional share of this 
additional sum, like any other farmer, from the sewage utilised on 
grounds under its own management.* 

Upon whatever plan and by whatever means, the magnificent 
plans alluded to for reconstructing the British metropolis on truly 
sanitary principles, so clearly pointed out by modem science, may 
be carricSd out, we cannot but congratulate it on the prospects 
for their speedy execution which the said comments of the public 


* CitifH hafiitg. like London, a narigable rim at their command, enjoy of eottine an 
adrantage in the cheaper traneportatioD bj water. 
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preu shadow forth ; above all, because thus, and perhaps thus 
only, a chance will be afford^ to introduce at the same time 
the greatest sanitary improvement of all, involved in Captain 
liemur’s plan, which otherwise might be indefinitely delayed. 

8. Rbmunebativb Labocb lbssevs Paupebisic. — Another good 
effect of the introduction of pneumatic sewerage will be found in 
the many new branches of industry it will call into existence, 
thereby affording constant and remunerative employment to large 
numbers of men who now, with their families, are wholly, or in part, 
maintained by public or private charity, or who, if not actually 
starving, live upon the proceeds of vice and crime. 

The chief source of labour here alluded to will of course be 
that required by the increased agricultural development which will 
surely be, so to speak, created by the reclamation of innumerable 
waste tracts, and the conversion of but little-work-needing pas- 
turages into much-labour-requiring plough-lands. 

This will result in gradually withdrawing from cities and towns 
large masses of squalid inhabitants of stunted growth, now living 
huddled together in foul alleys and pestilential courts, towards the 
open country, and in due course transform all these wretched 
paupers into fi bold peasantry : a support to the state in times of 
peace and of war, instead of a heavy tax and a source of ever 
increasing annoyance and social danger. 

Another plentiful source of labour will be found, first in the 
establishment of the pneumatic sewerage vrorks themselves, in- 
cluding, of course, the manufacturing of all the apparatus and 
fixtures which will be required ; and afterwards in their manage- 
ment and operation, which will, in a town of 100,000 inhabitants, 
give permanent employment, with liberal ‘wages, to fully 100 
heads of families, and thus provide bread for at least 500 persona 
And this employment has the great merit of being independent of 
commerciul stagnation and crises, of wars and political convulsions, 
founded as it is on the daily requirements of our common nature, 
and yielding, as it does, that for which there is a never-ceasing 
demand, namely, food. In one word, if this process of removal 
and utilisation were carried out in every towm of the United 
Kingdom, pauperism, vice, and crime would surely diminish ; public 
health and the bodily development of the population w*ould greatly 
improve, whilst corporations would draw large annual revenues from 
what> is now a source of constant vexation and onerous taxation ; 
and, last but not least, food w^ould become far more abundant than 
it can ever be under existing arrangements. 

9. Abunbabce of Food pbevents Stbibbs. — ^This increased 
plenty will not only be the result of heavier crops of breadstuffs, 
but will also consist in great quantities of healthy meat, produced 
by the improved mixed husbandry, which forms part of Captain 
Liemur^s system; while neither of these products will be any 
longer damag^ by vegetable and cattle diseases arising from 
surfiioe manuring. At the same time, purified rivers will again 
yield immense quantities of fish, now killed or driven off by the 
horrible pollution of the water with fiecal elements. 

The gi^erdieapnesB of provisions consequent upon this increased 
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abundance, will not only have a corresponding influence upon the. 
price of every commodity which adds to our comfort an^ enjoy* 
ment, but also upon the price of every kind of labour ; and thus 
the principal cause will be removed which now so often induces 
the operatives of nearly all branches of industry to resort to 
strikes for higher wages, in order to support themselves and tlieir 
families. And unless the fountain-head of such movements be 
stopped by making British soil &r more productive than it is at 
present, these strikes will in time, by constant repetition, raise the 
price of all labour so high, that British manufacturers will no 
longer be able to compete successfully with those of other 
countries ; then all trade will more or leas become stagnant, and 
the^best interests of the nation be most seriously aflTected. 

10. SuKPLUS Food for Export. — Not only will all these evils 
be averted, but there is little doubt that if every available acre of 
land were properly tilled and manured, as elsewhere described, the 
amount of food obtained would not only suffice for home con- 
sumption, but a surplus would be left for shipment abroad. This 
would raise Great Britain to the proud position of a bread-giver to 
other nations, instead of making her dependent up<^u them ; and 
would bestow up(m her the divine power of alleviating the miseries, 
and perhaps of often saving even the lives of millions abroad. 

Who can read unmoved the harrowing accounts of the great 
Irish famine of 1846? A succession of bad harvests, combined 
with the consequences of a notorious mal-ad ministration, at lost 
resulted in a national crisis, the like of which the world liad not 
seen for centuries: people starving and dying by hundreds in the 
ditches near the roadside and behind the hedges, while bloody 
riots, pillage, and murder were threatening as the culminating 
effect of hunger and despair. Lord John Bussell demanded at that 
time some nine millions sterling, to bring four-and-a-lialf million 
acres of waste land under cultivation, and the general Government 
bad to apply over ten millions to the relief of tlie unfortunate 
Island. 

11. Prevention op Famine in India.— But it is not only at 
home that the beneficial results of a great agricultural develop- 
ment by a proper utilisation of sewage would prove a blessing 
indeed. That magnificent dependency of the British Crown, the 
Indian Empire, has but too often suffered the horrors of famine I 
Without mentioning former calamities, or even that which in 
1861 devastated the North-western Provinces, we may shortly 
allude to the recent affliction in Bengal, by giving a few extracts 
of some of the leading papers. It is a melancholy filet, that the 
admonitions of the public press are but too often r^ t<^ay and 
forgotten to-morrow; if such were not the case, we might in many 
respects be half a century in advance I It will therefore surely not 
be found amiss, if we place the following comments on a little 
more permanent record* 

The * Times ’ said, some time ago : — 

^ In India an immense population has been siifloring for nearly a 
year the ooimtless boners of famine, eq>ecial)j in Orissa, tbe popnla- 
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L of mrliioli dqiends for its food upon imd as l^e rioe^crop haa 
IbOdt ieroral seasons we may assume, witibi ^ much oertaaniy, tliat 

no part of it baa escaped the visitation. Deprived of their only means 
of subsistence, the wretched people had nothing before th^ but to 
creep into the jungles and die. In their fear and superstition th^ 
L to offer human sacrifices to the god of the earth by chopping 
flesh from the living body and casting it upon their fields. The pro- 
tection of our Government has not availed them much more, we are 
sorry to say, than the practice o& these revolting rites. Our corre- 
spondent informs us, that upwards of 150,000 persons are being fed by 
private charity, and the representatives of several reli^ous societies 
and other persons seem to have been unwearying in their efforts to 
mitigate the general distress. But in one week 3,500 deaths are re- 
ported to have occurred in Orissa and Midnapore. In six weeks ^he 
official estimates place the deaths at 15,000, and this famine began in 
October (1865), and has been raging in Orissa since the beginning of 
April (1866). We shall never know how many lives have fallen be- 
neath BO fearful a stroke, but when we refloct that a famine in India 
usually rages a long time before it is brought under the attention of 
Europeans at all, and that it was only a few weeks ago the Government 
of Bengal attempted to check it, we can fill up for ourselves the out- 
line drawn by odr correspondent, of “ jackals eating the corpse of one 
wretch while they wait for his companion who is dying,** and of “ living 
children taken«f^om the arms of mothers two days dead.” * 

In another place, the * Times ’ said : — 

‘The mortality among 13 millions in the famine of 1860-1 was half 
a million. ... In 1838-9, when as little was done for relief as in 1866, 
the mortality in the Jumna Doab was 80(),0()0. But the tale of victims 
ill this Orissa visitation mounts higher than even that, as high as the 
greatest of all recorded famines in Lidia, that of 1770.’ 

The * Illustrated London News’ of Sept. 1%, 1866, said : — 

‘ At intervals, ranging from six to ten years, an agonising wail reaches 
us from India, the simultanooua cry of myriads perishing of hunger. 
For the most part it should be listened to as Nature’s stem protest 
against the negligence of man. Occasional droughts of long duration 
seem to bo a feature of the meteorological system of that peninsula ; 
whore, however, the soil is well nigh as capable of irrigation as Egypt, 
and, under a provident administration, might produce wdth unfailing 
regularity more than sufficient for all the wants of the teeming popula- 
tion. Han cannot alter at his will the character of the seasons ; but 
man can observe them, and provide against the calamitous effects which 
any aberration from tlieir usual course may threaten. The people are 
dying off like flies. From 2, (XX) to 3,0()0 a week encounter death in 
its most dreadful form, absolute starvation. The road sides are strewn 
with tboir bodies. Despair reigns triumphant. The magnitude of the 
calamity all but paralyses exertion.* 

The ‘ Saturday Beview ’ said : — 

‘ We oan discover little, if any, improbability in the statement, so 
appalling and so impossible fully to realise, that two millions of human 
beiim nave in Orissa recently died the most cruel and lingering of 
deaths. It ^^ves the lie to all the advantages, moral or material, that 
modem civilisation most prides itself upon, to think that a civilised 
govenunent in thm days should be powerless to prevents minority of 
the oommunity dying from actual want of food, wliile the majority is 
still enjoying all the luxuri^ of wealth. But if, in a government so 
situate^ even want of cap^ty is sndi a blot upon civilisation, how 
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unspettkablj foul u blot upou bumamly itself must be the went of wiVi 
must be the select of uuy meMures 1^ whidi it might have been 
possible to ayert or mitigato the cruel disgrace/ 

The * Nottingham Journal* furnished the following report of 
Rev. J. Buckley, stationed at Cuttack, Orissa: — 

' Orphans have been brought dying to our door ; and many that we 
have received have been too deeply fkmine-stricken for nursing and 
medicine to restore. Alter a fe^ short days death has closed the 
scene. Tender and delicate women, lying in our verandah, have im* 
plored rice, or money to purchase it, with cries tliat have pierced our 
hearts. Two cases of eating human flesh have been reported ; in the 
one case it was proved that the person was insane ; in the other, a 
child was found eating its dead father's flesh, which had hwa roasted, 
and a few days after the child died. Mothers have left their children 
in the maidan (dunghill) to die, or have sold them for a few pice. In 
one case an only son was sold for a pint of milk ; the mother eagerly 
drank it, gave up her child, walked a few steps, and then dropped 
down dead. The dying and the dead have been seen lying in our 
streets ; though this h^ not been so much at Cuttack as at ualasore 
and some other places. At Pooree it has been common for the fwlioo 
to find, morning after morning, in the streets and lan^, OO, 70, HO, or 
more corpses ! In the Cuttack district 3,000 deaths from famine and 
pestilence were reported in one week, and it is generally believed that 
at Balasore and Pooreo the distress has been severer.’ * 

The * Times ’ of January 9, 1867, said ; — 

* It is now asscrU'd that, in sjnto of all our civilisation and progress, 
the famine of 1866 exceeds in horror and fatality any visitation fi»r- 
merly exf)erienced. .... Even the famine of 1770 did not carry ofl’ a 

greater number of people than that of last year We are assurt^d 

that not less than 1,0<JO,000 persons have j»erished either fri»m actual 
starvation, or the immediate consc^quetices of want : and this shocking 
tale becomes more fearful than ever, when it is add(*d, that the mor- 
tality occurred not among the entire j>ojmlation of India, but for the 
most part in a particular distri(;t with a ])opulation only twice that of 

the county of Middlesex In the midst of our civilisation, in the 

second century of our rule, after a scjason of unexamphtd prosperity, 
and with pro8|)ect8 brighter than had ever been offertMl befon', a visita- 
tion which might have been disarmed, if not averted, by wise adminis- 
tration, has destroyed a milliou of human lieiugs. It is a terrible story, 
but the best we can do is to turn it honestly to our instruction.' 

The * Times of India ’ said : — 

* The periodical recurrence of famines in some agricultural districts 
of India would scc*m, under the prcjsent state of things, to have assumed 
almost the certainty of a natural law. At uncertain intervals, but 
under certain well*understood conditions, wo may confidently expect 
them ; and unless some grand alteration is made we shall be in the 
same predicament for many years to come. If famines are preventable, 
it is plainly our duty to address ourselves, without a momc0t*s delay, to 

task of putting a final stop to them. And that they are preventable, 
that they are more or less the natural Oimseqnences of our own neglect, 
can hardly admit of a question. In time we may so improve and 
change the face of the country, that plenty and prosperity will reign 
where death and desolation now ravage.’ 

It is really a strange world we are living in 1 Suppose for a 
moment, instead of a famine, a Sepoy mutiny bad broken out io 
Orissa. Is there any one simple-minded enough to believe that 
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the Indian Government would not have found the means to trans- 
port thither, at the shortest possible notice, enormous quantities 
of powder and shot, canister, bombshells, and war stores generally, 
quite sufficient to drown the disturbance in blood ? And yet we 
are told by certain parties, that it was altogether impossible to for- 
ward rice and other articles of food to the afflicted districts in time 
to save thousands and thousands from dying in ditches and jungles 
for want of nourishment Beally it is a very strange world we are 
living in. * 

We cannot alter the meteorological peculiarities of the Indian 
peninsula ; but surely we might provide against periodical droughts 
by an efficient system of manuring and irrigation, such as was so 
successfully applied in ancient Egypt and A^ria. t 

Occasional inundations have been another cause of Indian fa- 
mine. These might also, at least to a certain extent, be guarded 
against by the correction of river-beds, erection of dykes, and 
other similar works. Finally, the means of communication and 
transport should be multipli^ by the construction of good roads, 
and the extension of railways and steamboat lines, so as to enable, 
in case of emergency, starving districts to share in the abundance 
of others more fortunate. 

If India were only sufficiently provided with such public works 
as are imperatively demanded by the physical nature of the coun- 
try, and if, at the same time, the sewage of her immense popula- 
tion were saved for agricultural utilisation, we cannot doubt her 
soil would produce sufficient food to maintain her teeming millions. 
Suppose, for a moment, the principal cities of India, viz. — 


GalcutU 


Madras 



Bombay 



Lucknow . 

soo.ooo 


Patna 



Hyderabad . 

200,000 


Benares 

180.000 


Delhi 

iso«ooo 



120.000 

M 

Cawnpore . 

Total .... S, 000, 000 population 


instead of, as hitherto, polluting the air, rivers and sea with their 
sewage, were to apply it in future to agricultural purposes, why, 
they alone would furnish, at the annual rate of 10s. per bead, 
some 1,500,000^ worth of manure, capable of producing 1 5, 000,000L 
worth of food. 

If the principal cities of India were once to set a good example, 
it is but fair to suppose that the smaller towns and the open country 
would gradually utilise their sewage likewise, and then the annii^ 
yield of manure, capable of producing ten times its value in food, 
would be immeasurably increased. Then the civilised world would 
no more be startled with agonising tales of horror and despair, such 
as, for nearly a twelvemonth, have reached us from famine-stricken 
BengaL 

Prevention is always better than cure, and surely, in this instance, 
prevention is within the power of an enli^toied, energetic Chris- 
tian government It is true* that the principal causes of Indian 
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famines have hitherto been loog-continued droughts on the one 
side, and extensive inundations on the other, both combined with 
a gieat deal of administrative neglect ; but there is still another 
great calamity to be guarded against — the exhaustion of the Indian 
soil, because the physiological axiom, that the ingredients the earth 
is deprived of by a succession of crops must be returned to it in 
the shape of manure, holds good for India as well as for any other 
country on the face of the globe. 

In this respect we can only refer again and again to the excellent 
example afforded by Japan. If the * benighted heathen* of Japan 
are able to understand and obey the sublime laws of Nature in- 
volved in the agricultural utilisation of sewage, we may fairly take 
it/or granted that the natives of India would soon do so likewise, 
if their enlightened Christian rulers were only to set them an 
example worthy to be followed. We have repeatedly pointed out 
that the immutable laws of Nature are stem taskmasters indeed, 
admitting of no evasion or defiance, but, on the contrary, crushing 
us like She car of Juggernaut, if, like Hindoo fanatics, we are 
foolish enough to throw our bodies under the wheels. 

Well are we aware, that unless the Almighty jrottclisafes sun- 
shine and rain in due succession, all our tilling and manuring the 
land will prove of no avail. Still we cannot but repeat our con- 
viction, that a good government could and should do a great deal 
towards preventing such appalling catastrophes os the Indian famine 
just alluded to. By saving to agriculture the precious human 
fertilisers hitherto entirely thrown away, and gradually reclaiming 
the millions upon millions of acres still lying waste in all parts of 
the world, the annual produce of cereals and all other kinds of 
food will be so enormously increased, that if, through natural 
influences beyond O}^ control, a partial failure of crops here and 
there should occur, the mighty resources of modern commerce, 
and the unprecedented rapidity of transport by steamboat and 
railway, will easily sufiply the deflcieticy from more prosperous 
quarters. 

If, enlightened by the mournful experience of the past, we have 
at last fairly made up our minds to obey in future the wise Mosaic 
law of ‘ covering with earth that which cometh from us,’ we might 
perhaps go also a step further, and follow the example of Joseph 
in Egypt, as we And it in Genesis xli. 47-49, 53-57 : — 

*And in the eeven plenteous years the earth brought forth by 
handfuls. And he gathered up all the f(tod of Hvt seven yearSp 
which were in the land of Egypt^ and laid up the food in the 
cities: the food of the fields which was round aJjout every city^ 
laid he up in the same. And Joseph gathered com as the sand 
of the sea, vet'y much, until he left nurnhering; for it woe without 
number. And the seven years of plenieousness, that was in the 
land of Egypt, were ended. And the seven years of dearth began 
to come, according as Joseph had said: and the dearth was in 
all Umds ; but in aU the land of Egypt there was bread. And 
when all the land of Egypt was famished, the people cried to 
Pharaoh for bread : and Pharaoh said unto all the Egyptians, 
Go unto Joseph ; whal he saUh to you, do. And the famine was 
over aU the face of the earth. And Joseph opened all the stores 
houses, android unto the Egyptians; and the famine wooed sore 
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m the kmd of Egypt And all the countriee cams intoEgypt to 
Joemhfor to hwy com; because that the famims was so eore in 
all kmde. 

Ab the Oovernment of India, owing to the low state of dvilisation 
of the native population, must naturally for many years to come 
bear a somewhat patriarchal character, it really might not be so 
much out of its way to establish public granaries in those parts 
of its immense dominions which appear to be most expos^ to 
the chances of a famine, on the ^me principle upon which large 
arsenals and military storehouses are maintained, so as to be always 
prepared for the emergency of a sudden war. 

12. pNEUifATio Sewehaob IN AUSTRALIA. — What the famous 
German traveller G. Forster, the friend and companion of Cook, 
in a prophetic spirit foretold about a century ago of New Zealand, 
* the Great Britain of the South Sea,’ behold, it has come to pass 
before the eyes of an astonished world. Forster wrote in 1769: 

^ For the extensive commerce uniting separate continents, no 
situation can be more favourable than this one, keeping the 
middle between^ Africa, India, and America. Just imagine a 
state in New Zealand with England’s happy constitution, and she 
will be the Queen of the Southern World.’ 

Truly Australia has become the connecting link of commerce 
between Africa, Asia, and America, the flourishing seat of 
European civilisation at the antipodes, the future home of many 
millions. The rising colonies of New South Wales, Victoria, 
South Australia, Queensland, West Australia, Tasmania, and New 
Zealand, with their delightful climate, healthy both for man and 
beast, their splendid harbours, their fertile soil, bearing alike the 
produce of the temperate and torrid zones, c together with their 
immense mineral wealth — all these colonies promise fair, in no 
distant future, to rank amongst the first commercial states of the 
world. 

Already some of their cities, such as Sydney and Melbourne, 
rival in splendour and opulence with European capitals, whilst 
enlighten^ Australian legislatures, by wise enactments, such for 
instance as that of compulsory education, are doing all in their 
power to promote the progress of true civilisation. Wliat a pity, 
then, if youthful, blooming Australian cities were to begrime 
themselves with European folly in the shape of pestiferous 
cesspools and sewerage by water-carriage, with their inevitable 
melancholy train of cholera, typhus, and exhaustion of the soil ? 
We think it almost a moral impossibility that such should ever be 
the case. 

Only imagine an Australian legislature enacting compulsory 
education, and, at the same time, wasting millions of good money 
on sewerage after the disgraceful European fashion, and on most 
extensive waterworks, merely for the purpose of polluting their 
rivers and harbours with a most valuable fertiliser. Only imagine 
an enlightened Australian legislature voting, with right royal 
munificence, large sums for educational purposes, and then spend- 
ing, perhaps, manifold the amount in a baneful labyrinth of 
old-ftishioned city sewers or cesspools, thereby impregnating the 
virgin soil with deadly filth and oorruption, and gr^i^ly poison- 
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ing comitless welb hitbeito dear as orjatal ; thus promotiiig tha 
hddthy growth of thip mind on the one aide, and on the other 
sowing broadcast the i^ignant germs of diseases fiital both to the 
present and future generations. 

Again we say, we have too much faith in the enlightenment of 
Australian legislatures^ and in the general inteUigenoe of the 
Australian public, for a moment to suppose that the terrible 
mistakes all over Europe, as regards sewerage and 

utilisation of sewage, should be repeated over again by our, in 
this respect, more fortunate brethren at the antipodes ; we stoutly 
refuse to believe that many an ^ earthly Paradise,* at least as far 
as nature goes, will thus wantonly be converted into a region of 
pedlilence, such for instance as Itio de Janeiro, Marseilles, and 
many other cities alluded to in other parts of our treatise. 

We are fully borne out in this view by a recent New Zealantl 
paper, the * Lyttelton Times,’ of NoveinlK?r 16 , 1866 , giving an 
account of the annual meeting of the * Pliilosophical Institute <»f 
(\anterb\u*y,* president Dr. Julius Haast, M.F.D.H.,* after whom 
several newly-discovered rivers and mountains in New Zt^dand have 
been named. In the highl}’ interesting addrt*ss, delivered on that 
occasion by Mr. Dobson, provincial engiue<*r and vi(*e-president of 
the Institute, we find the following remarks undsi^ the head of 
‘ Health of Towns.* 

‘From the drainage of the conntr}' we pass, by a natural transition, 
to that of tbo towns, anti to those tpiestions which may bo elassf*d 
Tinder the genenil head of sanitary cngine<*ring. Ami here it must be 
confessed witli regn't, that, iH^yond theiilHdiiion of tht‘ cesspool nuisance, 
there is no progress whatever to reeortl. Although numerous sehemcH 
of drainage have b'cn prt)|M>S(*d tor Die two prineipnl itiwns, vi/.. 
Lyttidton and Christclftrch, nothing has yet heen dtnm towards their 
realisation. This is the more to ho regretted, as tho Municipal 
Councils of both towns, having aj>provtHl t»f the sysU’in of removing 
the solid sewage at short intervals by seiivengers, the (|U(‘Htic)n is 
narrowed to that of tho disposal of tho ln>us(* slops, tln^ outfalls for 
which would In? the sea in thi* om* ease*, and tho rivers Avon and 
Ileatbcoto in the other.* 

Tims wc see that, in New Zealand, when% a few short years ago, 
only Maories were roaming about, ji ‘ PhiJ<»sophical Institute’ is 
already earnestly delil>eratiiig on such fpiestifUiH as the health of 
towns, sanitary engineering, and the lik<r, a fact highly encounig- 
ing indefsl to certain European ‘ cireuinlociitionists,’ who but ttwi 
often take such a niarvelbms length of time before venturing upon 
the most obvious reforms. 

It affords us, therefore, great pleasure here to record the fact, 
that preliminary steps have alieady btjen taken towards intro- 
ducing Captain Liemur’s system, not only int(» New Zl^aland, but 
also into all the other Australian colonies, a movement to which 
we have no doubt the (’anterlnuy Philf»sr»phical Institute will 
give the same hearty sup[»ort as the ‘ Maatchapij van Nijverheid 
is doing in the Netherlands. 

* Fnisiisjc PfcrrscHKK a OtTtnaii Academy of Art* and Sciences, 

At Frankfort-on-thc- Maine, ftianded in IS.W I>r. Otto Vouirk, and owninff the 
ancient nuuiicion o£ tbo G<miK famil}*, in which the groal^ {lOit waa fx»m, and which 
itna now fMTome the permanent neat of that inatitsttnn. 

O 
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Just at the present time various towns in Australia find them- 
selves placed in the very same predicament as the City of London, 
with regard to the supply of water. If such towns, as we trust they 
will, decide on introducing pneumatic sewerage, many costly water- 
works will remain unbuilt, or at least become far less extensive, and 
the water supplied at a much cheaper rate, than if such towns were 
misled into sewerage by water-carriage. Millions and millions 
of pounds will thus be saved ! « 

Another point, which will surely not fail to attract the earnest 
attention of Australian legislatures and enlightened municipal 
corporations, is the future development of agriculture by an 
extensive, systematic and rational utilisation of sewage. It is 
true that thus far agriculture has played only a secondary part?* in 
the marvellous progress of Australian prosperity ; but surely all 
those who mean well to their country will think of the time, when 
some at least of the gold fields will l)ecome less productive, perhaps 
be entirely exhausted, such as occurred in certain districts of Cali- 
fornia, and in other parts of the world. Bohemia, fur instance, was 
in former centuries a gold-producing country, and now no more of 
this precious lAetal is to be found tliere. 

Besides, history teaches us, that gold alone is not sufScient to 
place the prcrsperity of a country on a secure basis for all times to 
come. Look at Spain, for instance. During three long centuries she 
had exclusive control over the splendid gold and silver mines of 
Mexico and Peru, which, according to Alexander von HumboldCs 
estimate, yielded, from 1492 to 1809, not less than 300,000,000/. 
Nevertheless, by her neglect of agriculture and general malad- 
ministration, Spain has gradually sunk into a state of fearful 
financial dilapidation, an ominous warning t^> othcT nations. 

The produce of the Australian gold fields ^rom 1851 to 18G2 is 
estimated, in round figures, (is follows : — 


1. Viclorin .* 

2. Now iSoulh WnloH 
8. Soutli Auftlralta 
4 . ToMOiania 


£l09.ri00,000 

10,400.000 

2 (S ),000 

10,000 


Say . . . £120,000,000 


being an annual average of 10.000,000/. 

With the improved methods and machinery now applied for 
extracting gold from the rich veins of quartz found in many parts 
of Australia, there is no likcdihood that this annual yield will soon 
decline ; on the contrary, it may yet increase by the discovery of 
new diggings. Nevertheless, a time may come when certain 
Australian districts may have to turn their attention to another 
gold field, homely, that of agriculture, which, when only worked 
in the right manner, is indeed inexhaustible. 

The Australian colonics reckon a population of 1,330,000, 
which by immigration and natural increase is rapidly advancing 
eveiy year. Now it takes a population of 2,000,000 to furnish, 
at the annual rate of 10 shillings a head, 1,000,000/. worth of human 
fertiliser, capable of raising 1 0,000, 000/« of agricultural produce, 
or just the annual average yield of all the Australian gold fields I 
But when the Australian population has once reached 10 millions, 
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the annual value of this fertiliser will be 5,000,000I.| being the 
raw material for 50,000,0002. of agricultural produce, which alone 
would place all the gold diggings in the shade. 


13. pNEUici^ic Sewerage in the United States. — Considering 
the amazing energy of the people and their habitual indiffer- 
ence to precedents, by which ^a town with all its concomitants 
is often built in a shorter time *than it takes a European Boon! 
of Works to deliberate about a bridge, the want of which has 
been felt for even half a century, there is no doubt but that an 
immediate advantage will l»e taken of the sanitary and agri- 
cTiltural improvements involved in Captain Liernufs system. 
Nor is this energy merely confined to enterprises of necessity 
or speculation; it is as manifest in works aiming at nothing 
but public comfort, combined with magnifieence and good tasU». 
A remarkable instance of this may be st^en in Chicago, that 
fair ‘Queen of the West,’ where the citizens did not liesitnto 
to raise whole blocks of granite buildings bodily six feet higher, 
merely to give a better gnulient to sc mu* strA^t8. One grc'at 
advantage the Americans possess in cities iu*wly foiind(‘d is their 
having a virgin soil to build tipm, which can, hf adopting this 
system in time, Iw wholly left nnpolInbHl l»y saturation witli fa'cal 
matter from cesspools and sewt‘rage by wattT-earriage. 

We have also seen, on page 10, that the Americans have managed 
to exhaust the soil of many extensive tracts in a comparatively 
short time. But the rapid increase of population can, by judicious 
management, lw» made iustruuiental in rt‘])airing the results of 
tliat wjisteful proc(*sR. In iHtM), the total population nuinberiMl 
five and a half iniflions ; in 1825, eleven; and in 1850, twenty- 
three millions. This shows an increase of about 100 piir ccmt. in 
25 years; and we may thus assume that, in 1875, the number will 
be some forty-six, and, in li^(K), ninety-twfi millions, or, adding 
increase by emigration, fully one hundred million souls! The 
immense amount of fertiliser due to the town sewfige of such a 
large population, instead of being any longer allowed to convert 
the many smiling harbours and limpid streams into hotbeds of 
pestilence, will thus, we may rest assurtfd, soon be used by that 
‘ wide-awake ’ nation, to refertilisc thousands and thousands of 
acres, at present barren and waste, thereby changing the desert 
tracts of many a &ir state into rich and populous regions. 


14. Pnecmatic Sewerage in the Netherlands.— We have thus 
far elucidated the advantages whicli might rt*failt from a prompt 
introduction of the new system. In recording the e^orts hitherto 
made actually to secure them, it is our pleasing duty to state that, 
by way of setting a good example, the first move in this direction 
was made by H.R.H. Prince Henry of the Netherlands, who, 
after listening to Captain Liemur’s explanations, and patiently 
investigating all details, at once recognised the immense tienefit 
to be derived from this invention for bis country, and, as al- 
luded to in our preface, not only graciously promised his 
personal influence and support, but recommend^ its immediate 

oi 
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A fefdii^ highly encoaraging example was giren when Captain 
Liemur laid his plans before the municipal authorities of the city 
of the Hague^ who without any delay submitted them to the 
judgment of a committee for professional inquiry: the report 
being favourable, it was at once resolved to make a trial of the 
system at the expense of the corporation, the necessary works 
being already in course of prepatation. 

Captain Liernur also laid his plans before the section of 
agriculture and that of national economy of the Maatschaffh 
VAK Nijvebhexd (Society for the Promotion of Industry in the 
Netherlands), at its annual session on the llth, 12th and 13th 
September, 1866, Haarlem, The system having met with the 
approval of both these bodies, the chairman recommended all 
delegates to obtain drawings and descriptions of the invention, so 
that eaqh might bring about, if possible, the improvements in his 
own town ; f thus giving, by such prompt action, an example how 
men, liaving the interest of their country at heart, should proceed ; 
and at the sanfe time showing how unmerited is the character 
generally given to the Dutch, of being always behind the age* 

^ t* 

15. Pneumatic Sewerage in Great Britain. — In the meantime 
it appears that in England also Captain Liernur’s system has 
excited considerable interest, to judge, at least, by the manner in 
which various leading journals make mention of it; all approving 
both of the purpose and principle involved, and encouraging the 
(Captain to persevere in his enterprise. We can do no better than 
quote a few of these comments. ^ 

‘Engineering’ of Nov. 2, 1866, after enumerating the leading 
features of the plan, says of them : — 

‘ A critical examination will showr, that they are the essentials of 
what all engineers who have made the sewerage of towns their study, 
and of what all farmers aequainU^d with agricultural chemistry have 
pronounced to be most needed. Combiuc*d tliey fonu the realisation 
of one single design, namely, that of rendering human excrements 
useful instead of dimgerous.' 

The editor then thoroughly condemns the sewerage by water- 
carriage system, and after ably summing up its highly objection- 
able features, both as regards removal and utilisation of sewage, 
gives a concise description of the pneumatic arrangement, with 
illustrative cuts. 

The ‘ Engineer,’ of Dec. 7, 1866, gives a similar description, with 

illustrations, and, commenting upon the new plan, says: — 

• 

‘ The orrangcnient possesses apparenCly many advantages over even 

• 

• Many in this really bealtliy and beautiful countiy bare imR'ered repeatedly 
from eltubra ; alK>vo all lost year, when that fell dihcaae actually decimated seeeri 
|dacot. The cuukc could only \*e found in their iU-conatrucUd dwellinpi, which, in 
most eases, hare larpe cess|M»ols in the erilur, emitting mo!«t ofR usive ciBuria. To 
remore this evil, and to fertilimp at the same time large Imrren tracts, is Prince 
Henry’s chief desire. 

t For further j^ioulars see Handeiingen der 89ste algcno'cnc Vergadering van 
het lode Ngrerlieid’s tVngres. Haarlem. 1800. 
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10M Ixmdm q r stem , aiid duipoMteffioiea^ of soyml of tho diffiedtiei 
mth wMoh W8 have to contend in dmnbnting aewngo, nnd it in 
nnqnestiQnably better than the Gontinentel mtem whidi wo have 
dewribed,’ 

The London ‘Morning Post,’ of December 9, 1866, in a highly 
instractive leading article on the subject, says : — 

‘ Absolnte failures and terrible expenses, including in some eases law 
costs, have convinced local authdH^cs in various parts of the country 
that any attempts at deodorising and clarifying town sewage previous 
to its being cast into a river are delusions, so far ns tlioy arc concerned, 
and have not lossened the nuisance to those below them. ..... 
Captain Liernur has, within the last few weeks, given partial pnblicity 
ill this country to his plan for dealing with this Tuatter. liis sc*hemo 
is altogether distinct from, and indenendent of, the water suyiply luid 
of the facilities for drainage >rithin the reach of towns. These may in 

every instance remain as they are at prt‘Hent The plan 

appears to bo simple as well as ingenious. If it should succeoa in 
practice, it 'will be a j^at boon, not only to towns hut also to a^i- 
culturists, by fumishiug them with a valuable manure, unmixed with 
water and other substances, for stiirulutiiig the growth of eereal, root., 

and other crops Without jironourfeing any t!(*eided 

opinion upon tlio merits or demerits of (^i plain LiiMMuir's plan, we, 
at the same time, think that it deserves the attenti^i of the llritisli 
public. Muuieijud bodies iu>t yet eominitUMl to any sehi*nuj for freeing 
their sewage from fa‘cal matters wouhl do well U> mnki* themselves 
familiar with the specitie objects whieh it proposes to iwootnplish.* 

Tbe ‘ Lancet’ of March 30, 1HG7, says : — 

‘Wliilst the Metroi)oliUm Board of Works is spentling its iiiillions 
in carrying the diluted sewugt? of the inetnipolis thither into the river, 
or to sandy wastes^ where its very <(uantity renders it dillleult b» 
manage; and while, on the other liaiid, the lb*v. Mr, Moule, aided 
by Dr. llaw'ksley, is trying to bring niotlier I'arlb to tb(' rt‘seu(! <>f her 
children, our neighbours at the Hague have inaugurated an entirely 
difierent system of ridding themselves id’ the sc!\vagi) of tlu*ir eify, 
wliilst carefully utilising every paiiielu td’ it in tlie eultivalion of their 
fields.’ 

The ‘ Lancet’ then gives a description of the new plan, and goes 
on to say 

‘That this amount of rich' and concentrated manure would Ikj 
highly prijsed by the figriculturist cannot he douht-ird ; and the only 
weak }>oint in the system apjiears to us to Im 5 that no provisiim is nuule 
for the W’ater used for domestic jiurjKises (and by the Kriglish in 
grtiater quantity than by other uatious), and which w'ould certainly 
find its way in grtrat part into the drain pijKjs as a constituent of what 
is ordinarily termed slops.” .... We commend the veiy ingenious 
scheme of Captain Liemor to the notice of sanitarians*’ ^ 

With regard to the difficulty raised by the ‘ Lancet,’ we refer to 
page 140, where Captain Liernur p)intH out a way in which 
rainfall and houscdiold water may be cheaply and efficiently 
dealt with in such towns which as yet have no drainage works at 
all. Where sewers exist, however, they may of course i>c used ff>r 
rainfall and household fluids; only care should be tak^m to trap 
the kitchen drains well, so jis to prevent remnants of food, 
entering the sewers, when*, by^ gradual decomposition, they might 
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render the liquid putrid, and thus throw off noxious gases. But 
if these matters are retained, the fluid can most advantageously be 
discharged into rivers and watercourses. 

We may here answer also another objection sometimes raised 
against the new system, namely, that servants would continually 
pour washwater and other slops into the privy, thereby increasing 
the bulk to be removed and spoiling the manure. On this point 
we can only say that, in France and Germany, a peremptory order 
to the servants has proved sufficient to prevent such irregularities 
in all well-conducted households. 

The ‘ Sunderland Herald’ of November 30, 1866, contains a 
very able article, treating the whole question, from which we make 
tlie following extracts : — « 

* Upon this question depends not only the public health, but also the 

abunoance or scarcity of our food A town of 100,000 in- 

habitants could annually obtain a sum of 50,000L for its sewage (pro- 
vided it is undiluted and undccomposcd), either in the sale thereof, if 
|)urcha8er8 could be found, or in incn.>aBed yield of farms worked by 

it ,The means to obtain a revenue is without doubt furnished 

by Captain Liemhr’s sewerage system Can there be anything 

more silly and absurd than to throw such a valuable element in the 

• sea os is now peqriosed in Dublin ? Surely it is an outrage on civili- 
sation that such a plan is seriously listened to, and it will be a cruel 
blow to our national economy if it is ever carried ont. Imagine the 
capital of a countiy where the cry of hunger is nearly always heard, 
and where gaunt famine stalks through nearly every village, de- 
lilwrately proposing to waste annually 120, (K)0/. worth of fertiliser, 
enough to grow food for a quarter of a million of inhabitants! 

The ‘ Birmingham Daily Post,’ of March 25^ 1867, contains the 
following ; — 

‘ Among the various applications of science to measures of practical 
utility, there is perhaps none which is of morc» importance than the 
proper utilisation of stowage, as it alike affects the general health of 
towns and agricultural inU?re8i8 at large. Until a few years back, 
only the first ])oiiit was paid any attention to, and a watercloset 
system, combined with brick sewers, considered the best means for 
removing fuKsal matters from towns. 

* The immense volume of liquid scjvagn hereby produced was allowed 
to run to waste in the nearest stream. But it was soon surmised that 
tlie result of this would bo the pollution of the rivers, and many 
attempts 'were made to extract the offensive part from the liquid again, 
in the hope of thus at the same time obtaining a good fertiliser from 
tlie solid parts. 

* All these attempts, however, failed, for the simple reason that a 

* According t9 the * Birmingham Post’ of May 16, 1867, Kidderminsirr is also in 

dan^r I Tbo report of Mr. B. Latham, ciTil engineer, to the local sewage committees 
exmbitf the gross ignorance of some engineers. One advises to utilise the »ewa^ of 
20,000 inhabitants on 16 to 26 acres ; while another actually propoaes to precipitate 
and deodorise the matter after the fashion which the trials of the * Koyal Commission * 
have proved to Iw entirely fhtile. Mr. Latham himself recommends a plan which, after 
an outlay of 87,OOOf. for works, will succeed in using up the manure (worth 10,000/. 
annually) on about 260 acres ! The same journal relates how the little town of 
EasifKfurne has been victimised. Works, estimated at 6 , 000 /., but proving to cost 
36,000/., convey all the sewage iuto the English Channd ; and when this queer piece of 
engineering wna first put in o(>emtioo, the deluded citizens had a gnnd holiday and 
much rqoicing 1 0 mrtefa tmpf iotas !! Rimm imsatu^ tmicif 
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large part of the manuring elements are held in solution, and being 
oonsequentlj afloat, escape, leaving an ofiensive sediment wholly 
unable to repay the trouble of collecting it. Attempts were then made 
to utilise the sewage by its application ns manure to various soils and 
for various plants ; and, after many costly experiments, it ivas found 
that r}’e-gms8 flourished highly when irrigated thcroM-itli, but is at Iho 
same time tiic only plant which could stand such tn^tment, and that 
even then the meadows must be so low that the sownge can flow front 
the same outfall to the settling tanks by gravitation, it not having in 
that form value enough to repay the cost of pumping it to any eleva- 
tion, or distribution by hose and jet, nor to warrant the outlay due to 
the costly machinery required therefor. 

* This was 8ubse({uently conflriiM'd by the Koval Commission of 

I^quiiy appointed to examine into this matter, and since that time it has 
bwn by “ routine ” engineers and agriculturists (a class of janiple who 
never think of doing anything nnlesH somelHidy elsi^ has done it first, 
and are thus a real stumblingbiock to all progress), laid down as a 
fixed rule that thm» is no way whatever of utilising human fiecal 
matter, but by diluting it with much water, and tJien irrigating rye- 
gniss with it. They accordingly' preach tbeir faith bi all towns which, 
being “ blessed *’ with tlie watercloset system, are bunlcncd with largo 
volumes of putrid licjuiil, and eonst‘queiitly “ in a Imm^ fix ; ** a conduct 
somewdiat likc^ advocating a 12-ineli shoo as a fitting paiU^ni for all 
ptMiple to wear, nft^T having fouml that it makes a tolerable luake- 
sliift for two or three.* • • 

It is not surprising to find sucli language in a Kirmingham 
paper, and if law doubtless reference to tin* atl4‘inpts wbieh we 
bear are being made to intro<luee tlnTe also the irrigation «cht»tne, 
— a most barefaced ‘rWas/oa autf asamr!" Many a clt‘ar-hea(led 
man must feel anivoyed at the prospect that bis town, g(.*nerally so 
forward in all mattiys of pn»gre.ss and reform, slnmld thus in tin* 
very silliest manner make a retrograde* step. We hope Hirmingham 
will be spared the misfortuin*of getting large tracts of evil-smelling 
meadows in its immediate neighbourhood, and at tin* same timi* 
lose a magnificent revenue. And this (rjin be easily efii^cted by all 
its progressive citizens energetically expcising tlie said inistakeii 
measure.s, which otherwise, by tln‘ir udvo<-ates, are apt to be promul- 
gated until they are finally believed in and carried out, to the great 
detriment of public interest. 8ucli errors hav<* a fatal ciipaeity of 
spreading and growing when they once havetak«;n a firm foothold, 
not unlike a cerUiin wattfrw'eed much found in (*anadiaii streams, 
which multiplies to such an enonimus extent as in time to choke 
a river and make it unnavigable. 

The ‘ Birmingham Daily Post ’ then continues as follows : — 

‘But it did not escape the attentiem c»f niun like Way, Voelckor, 
Liebig, Hofmann, Wit, and pnK;!tical agrieulturisis like J, B. Ijawes, 
that there is a frightful dispro|K»rtiuii btttween the intrinsic manuring 
value of faecal matters and the ngriculiural results produced by the 
irrigation process. 

* Repeated analysis had placed Ukt annual value of the ammonia alone 
at 8^. 3d. per head of the j>o[mlation, whilst the value of all the in- 
gredients was rated at lo^r. (ten shillings). It was acknowledged that 
all crops which yield human food cun profitably bo raised by this 
manure, because it contains the very mineral ingrcMlients w'itlidrawn 
by these crops from the soil, bcsiiics the most fertilising organic 
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element ; ‘while it was found that bj converting meadows of medium 
soib partly into tillage land, a yield could be produced from loO to 
200 per cent, larger than by rye-grass pasture. It was shown by men 
like w. Lawes, that human manure, in order to bring crops propor- 
tional to its fertilising qualities, must remain undilut^, unfermented, 
and unadulterated, and thus be given to the soil. 

* This led to a close investigation of the watercloset system, -whicli 

was found to be unfit for general introduction into towns, as the poorer 
classes, which form by far the majority of the population, are unable 
to pay this more or loss costly araadgement, or the frequent repairs it 
requires, while the water ncc^d for it im^toses a burdensome tea upon 
them, which neither the city nor the waterworks can afford to furnish 
gratis, or even often furnish at all. It was also found that the highly 
noxious gases generaUd within the sewers ascend their inclined pl^cs, 
and cannot be kept from re-entering the dwellings by means of closet 
pipes, or escape in the streets, and being tlms discharged amidst tho 
busiest hum of human life, produce the same disastrous results ujwn 
the public health as before. This is aciknowledged by tlie first drainage 
engineers, as, see the lltjpori of Mr. Ihimlgette and bis ossociaU'S to tho 
Metro]K>litan Hoard of Works, wliicli states that, aftiT a critical ex- 
amination of all the schoracH jiroposed, and many experiments, IIkto 
is no w'ay of cijring the evil, and but two modes of mitigating it, 
namely, eitluir building fumaces with high chinmi‘ys all (»ver lx)iulon, 
at a prime cost of and an annual sum of iiOOjOOO/. for coke 

and labour ; oi** purcjh^ing from tho waterworks daily some forty- twjo 
additional million gallons of ivatc'r for flushing the sewers, at a yearly 
cost of 88r>,0(X)Z. ; as, however, the waterworks can furnish for this 
purpose but five millions, this plan is impracticable. 

* but both plans are tix) costly for the uncertain, or partial, results 
thertd)y hoped to be attained. It was furtlwjr found that tho masonry 
of tho sowers is as little capable of withsbinding tho deteriorating 
offoots of the gases and liquid within as that of tho cesspools; that 
it becomes porous, and allows tho matter to p^olati^ through, thus 
poisoning tho soil and the wells located therein ; that, in fact, sewers 
are but long cesspools, and have all their faults, but on a much larger 
scale. 

* To sum up ; tho best professional intelligence and knowledge has 
come to the conclusion that the watereU>8et and sewer system is an 
absolute failure, both in u sanitary luid agricultuml point of view, and 
confess that tliero is no reinc*dy but by the witbdniwal of fuKsal matter 
from tho sewers, using the latter solely for house-water and nunfall 
drainage, while tlie former are removed by means of hermetically 
closed iron pipes, laid jiermanently under the pavement. This is called 
the pneumatic system, whereby the closets and pipes are nightly 
cleared by the force of atmospheric pressure, operating with the blast 
of some thirty combined hnrricaue winds, and removing the last morsel 
of excreta and their gases simultaneously. Besides thus effwting tho 
requirement of cleanliness far more completely than waterclosets, this 
system has the advantage of keeping the foKial matters ** intact,^* un- 
diluted and at the same time transportable, so that they can, without 
great cost and* trouble, be applied as a fertiliser to tiUage land, and 
the growth of crops which a^e known to be much more profitable than 
rye-grass. The largo returns thus obtained yield good interest on the 
outlaj required for furnishing and placing in working order all tho 
apparatus, including the necessary private closets in eveiy dwelling in 
town. The poor are thus provided for as 'well as the rich, and a 
measure of cleanliness carried out among them independent of their 
consent and habit, which must largt‘ly improve the public health. 
Another great merit of this system is, t£at it cannot be c^ed an un- 
tried novelly of mtcertaln issue,** it being a combination of weU-known 
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liractical measures, but so arranged, that they mutually o|iorate so 
as to prodneo the greatest effect. 

* Thus the application of pneumatic force through floxihlo hoses for 
emptying cesspools can bo seen daily in most large Continental towns, 
whereas most farmers know the advantage of tillage laiul over pasture, 
when the soil is light, even for dair)' purposes, and of using an 
undiluted mixture of fox^cs and urine over having it flooded over with 
water.’ 

These extracts are enough. flTjiere art^ yet many more, proving 
how wide-spread the attention is which this matter hus.awakened ; 
but no new facts would thereby bo elicited. All these comments 
of the press are chiefly remarkable for their unanimous approval 
of the scheme, not one single objection having been raised thus 
far, either in a sanitary, technical, or agiicultural point of view. 

16. Inexhaustible Mines of National Wealth. — The readier 
will not, it is h(»ped, tiike it amiss if, after having indieattxl wluit 
(JapUiin Liernur's system might effect, and wind progress towanls 
its introduction luis been madt*, we with a few w\»rds point out the 
bright prospects its universal odiiptioii promises. We are not g<»iiig 
to light Aladdin's lamp, nor shall we mount Pegasus to take a<Tial 
flights ; blit just as in the former part of our tn‘atise we have n<»t 
depicted the Evil i)ne any blacker than he really^iJ, even so shall 
we now only deal witli sober facts ami dry bard figures, the ct»r- 
rectness of which any inUdligeut nuMler may verify for himself. 
Will it be believed that the gold fields of Australia imd (California, 
the petroleum springs of Pennsylvania and ('anmla, and othtT 
similar sources of natural treasures, might all eelijised by the 
immense mines of national wealth to be operand by a ])roper 
solution of tlie greaj sewerage pro)>lem ? JiCt us see for a niomiuit. 

<ir«'at llritnin countH in roun<l fif'urci* a jHij»ula(ion f>f nomn . J}<»,0(K>,(K)0 

And her colunicM in Amu ()(>(» 

„ „ Africa .... 

,, „ Anu'ricji .... 4, TiOO, (»()() 

„ „ Australia .... 

11)0,000,000 

Total! population under ljriti.»b dominion, soirio . . , 220 , 000,000 

Of which say one-third, or 7/ j ,0(>0 j 000, may be estimated to be 
living in towns and cities, capable of gradually introducing a 
proper removal and utili«itir>n of sewage. 

These 75,00(),(KX) of human beings produce annually, at tlm 
rate of 10s. per bead, 37,5(K),(,K)Oi. worth of manure, being just 
about the joint annual yield of the Australian and Californian 
gold mines! Our tale of wonder, however, does not stop here. 
Let these 37,500,0(X)Z. worth of human fertilisers only be properly 
applied to agricultural purposes, and, liehold, they will produce 
tenfold their amount, or some 375,()(X),0(M)/. of breadstufls, l>eef, 
milk, butter, cheese, and all other kinds of vegetable and animal 
food. Such is the marvellous bounty of Nature, if we only study 
and obey her sublime laws. 

Applied to the whole of Europe, our calculation would stand as 
follows Europe contains scmie 3(K),0(X),0(K) of people, of whom 
say one-third, or 1(X),(XX>,(XK), might, in this latter half of the 



202 X. Moral, Social, akd National Progress. 


nineteenth century, perhaps be considered civilised enough to avail 
themselves, In course of time, of the immense advantages offered by 
modem science in the shape of pneumatic sewerage, which would 
yield annually some fifty millions sterling worth of human fer- 
tiliser, capable in its turn of producing some 500 millions sterling 
worth of animal and vegetable food. What an astounding relief 
to some European nations, now almost ground down to the earth 

by taxation for military and political purposes I 

< 

17. A BBiGHT PROsrxcT INTO THE FUTURE. — Some imaginative 
writer might perhaps here use more eloquent language, and depict 
in glowing colours the glorious future yet in store for all the nations 
of the earth ; and well might he be excused for some enthusiasm 
on a subject the plain honest truth of which seems stranger 
than fiction. No more typhus and cholera arising from pestilential 
sewers, polluted rivers, and poisoned wells, and ruthlessly decima- 
ting the helpless population of teeming cities. No more horrible 
famines strewing the plains of India with millions of corpses. 
No more poor wretches dying from want in filthy garrets, or in 
the open streeta of London I Abundance of food for all who are 
able and willing to work for it, and a generous surplus for those 
who through agp or infirmity cannot earn their livelihood ! A 
good time coming for all round, and all this merely by our com- 
plying with the plain dictates of Nature and common sense in 
our treatment of the irrepressible Sewerage Question. 

Rev. T. K. Malthus, in his once famous ^ Essay on the Principles 
of Population,’ taught, that the natural increase of population 
largely outstrips that of their means of subsistence, tlie former 
progressing geometrically from 20 to 20 years, as 1, 2, 4, 8, 16, 
whilst the latter increased only arithmetically, as 1, 2, 3, 4, 5: 
and that, therefore, government should limit the increase of popu- 
lation by forcibly reducing the number of marriages. 

Had Maltlius only lived to see the glorious future opened out by 
modern science to agriculture and national economy, gladly, we 
should think, would he have forsworn his mournful theory of com- 
pulsory celibacy, and fully recognised, iustt^ad, the sublime wisdom 
of a merciful Creator, who surely would not have commanded man- 
kind, Be fruitful and and replenish the earthy and 

subdue if, if the earth were not capable of supporting all who are 
born upon it* But we must first properly *rephnish and subdue 
iti'* before it can bring forth sufficient nourishment for all. 

As a single iusti^ice of the marvellous and inexhaustible pro- 
ductiveness of our terrestrial globe, we may refer to a lecture, 
delivered at Rio de Janeiro, by Professor Agassiz, on his return 
from his expipration of the Amazon. The learned professor said, 
the general impression in regard to the Amazon river was very 
erroneous, not only in regard to the climate of that region, which 
he had been informed was unhealthy, but also as to its fertility. 
He found the valley of the Amazon uncommonly fertile, and its 
climate very healthy. It was his opinion that it would one day 
become the mart of the world, supporting in comfort some twenty 
millions of inhabitants. 

What is here said of a mere part of Brazil applies with equal 
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force to the United States, Canada, Australia, and other thinly 
populated r^ons of the globe, where millions upon mttlions may 
yet in future find a comfortable home, with ample sustenance 
of life, if ever a want of elbow-room ^ould be felt in the old 
world ! 

18. A PEACEFUL SOCIAL Revolutiom. — We are not presumptuous 
enough to suppose that the measures here advocated will prove an 
imiversal panacea for all the evifs^esh is heir to, but we simply 
ask every unbiassed mind. Is it not true that JUth and want of 
food are amongst the chief causes which constantly tend to 
human debasement and misery, both physical and moral? If this 
be^o — and who can doubt it? — then surely there is no task more 
deserving of immediate and most serious attention than that of 
devising means for removing these impediments to human hap- 
piness. By a judicious use of the immense resources placed at 
our disposal by modern science, in tiie shape of stich acknow- 
ledged practical appliances as pneumatic forct», steam-power, and 
agricultural chemistry. Captain Liernur has shown that this may 
be effected by practically transforming filth into f(ji>d. 

Thus a peaceful, moral, and social revolution will he effi^ctod 
such as the worKl has hardly seen b(‘fore I What hj^kerh> was (uily 
a most prolific source of constant annoyance, of disease and deatli, 
behold, it is now a most valuable spc^cific for nourishing ami 
stimulating vegetable growth, a fertiliser of 8ur]Missing power, 
giving bread to millions; a source of such boundless plenty, that, 
instead of the misery and strife which the * stnlggl^^ for life ' 
always engenders, peace and good-will will more generally reign 
upon eartli ; in short, an agent of liappiness and a blessing to all I 

It is to be hoped, tfieu, that all rulers of uations tmd enlightened 
statesmen, all national economists and polif ical and social relbrniers, 
all municipal authorities, — in facjt, all upon whom devolves the 
sublime task of govtTiiing their fellow-men, or of studying and ad- 
vocating the principles according to which a sound and efficient 
government ought U} be con<lucted — will nr>t agrun wiwte years 
ill fruitless deliberations, nor listen to pn)rnoterH of obsoleUj pro- 
jects, which sad experience and independent judgment have con- 
demned, and which, as has lieen so often the case, leiwl, after endless 
bickerings, but to partial reforms; but boldly stride forward, and, 
following the dictates of pUin coninion sense, use all their in- 
fluence and energies to carry this great improvement into speedy 
execution. 

• 

19. Whebe tttebe is a Will thebe is a Wat. — To bring about 
the general intrcKluction of this from all sides so highly recom- 
mended scheme, tliere is nothing needed but a finn determination 
to take bold of it in the spirit of the famous French maxim : 
Si c^est posaible^ c^est fait ; td e'est impoamhle, cela $e fera / a far 
lietter rule of ar^ion in such a case than that of hesitating long, as 
it were, on the brink of a precipice, with the certainty of falling 
down at last. Perhaps some unwillingness will often be manifested 
to incur new expenses, after the enormous sums already sacrificed 
by many towns in extensive lines of sewers ; but, as we have seen 
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in page 198, these works are Dot altogether thrown away, but may 
be m^e highly useful in drainiDg streets and dweUings of rain&Il 
and all waste water, except faecal fluids. On the other hand, it 
should be remembered that, whatever the expense, the sum is not 
only refunded within thirty-five years, but that during that period 
the usual interest thereon is enjoyed, and ever afterwards a hand- 
some revenue to a town. But even without these advantages, the 
outlay should form no objection, considering that by the saving of 
so much fertilising material, scarcity of food and endemic and 
epidemic diseases are kept at bay, enemies far more formidable 
than the hypothetical ones arising from political entanglements, 
on account of which millions on millions are constantly expended 
for means of attack and defence, which after all soon become luse- 
less again by new inventions. For instance, most expensive ships’ 
armour-plates are continually found too thin, because enormous 
guns are invented which can easily pierce them, and when at an 
immense cost plates are made thick enough, the armament becomes 
again useless through still heavier ordnance, and so on, each im- 
provement becoming worthless through the superiority of another. 
If, then, these most expensive changes are submitted to for guard- 
ing against an enemy which, perhaps, may never come, surely it 
would be the^height of folly to grudge a far smaller expenditure 
for preventing^the certain approach of the deadly foes alluded 
to, by taking proper precautionary measures whilst there is yet 
time. 

20. Conclusion. — In concluding ourtreatise, which, as indicated 
in our preface, is the result of a conscientious investigation of all 
that has hithei’to been done to solve the (juestion at issue, we c?in- 
not but give a decided preference to Captain Lieniur's system. We 
once more submit, that one of its chief recommendations consists in 
its not being an Utopian scheme, aiming at a perfection of arrange- 
ments impossible to at tain, but that it is, on tlie contrary, a 
complete and comprehensive design, having hard dry facts for its 
principles, and well-known mechanical means for its practical 
execution. 

The new system is, in fact, based upon the principles advocated 
in the ‘ Congrhs gfnh\xl d'Hygihie^ held at Brussels (see page 16), 
namely, the eternal circulation of elements through a constant 
series of vitaj duties in that sublime and beneficent order, by which 
tlie Great Architect of the universe establishes and maintains 
the wondrous works of His hand. 

Thus the primitive elements of soil and atmosphere are con- 
verted into food, by the direct agency of vegetable life, or given a 
still more concentrated form in animal bodies. After consumption 
by us, certain ingredients are left, the only ofiSce of which is to 
convey the nutritive principles, and which are endowed with an 
active power for renewed usefulness in the some direction. As by 
Earth alone food is prepared. Nature points out the necessity of 
restoring to her these ingredients by giving them properties full 
of danger to us, unless this requirement be strictly complied with ; 
allowing them, at the same time, an interval of a few days to remain 
innocuous, ao that^ with the limited means at our disposal, we may 
still completely execute the design. 
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T^at eminent periodical, * Engineering,* the ablest of all pro- 
fessional journals, contains. May 17, 1867, in an article on the 
Engineering Future^ the following beautiful thoughts: — 

‘ To the Great Engineer, whose presence wo dare not eonooivo, and of 
whose plans and ti'emendoas agencies wo know nothing, ire are not 
even, as are to ourselves, those clever and enterprising little ongiiuH'rs 

the beaver, the l)ee, and the white ant But of all the wonders 

of nature, the mysteiy of organic growth is greatest : the assimilation 
of invisible gases into the structure^f plants and of animated hoinga. 

We pretend to no i^owers of prt'diciion, but we own to gn^nt 

faith in the future. And w'e look upi^n the enginwr as a grtwt trusU'o 
of human happiness. His works art' to find employment for all, for 
workmen and skilled managers, for accountant s iftui cashiers ; and 
through these to provide new trade for merchants, new commerce for 
ships, new markets for every knowm product of the soil, of the mine, 
and of the sea ; new engagements and commissions for men of letters 
UTid of art; and, in short, now prosperity in all the mutually rciurting 
conditions of life. It will be the business of ilu> engineer t4> double 
the productive power of our fields, to bring puri' water to all our towns, 
to drain every inlinbitt‘(l spot, and to save all that is now M'asted of 
S(‘wage ; nml thus, by increasing the supply of food, atd by improving 
all the material conditions of life, and thus prolonging it, to multijdy 
the numbiT of happy honu s, tht‘ great<*st ohji*rt which li(e can present, 
whether to the engine(*r or to the siatesman.* 

These pertinent remarks most (‘loqut‘ntly predict tln^ happy 
results of successful sanitary and agricultural I'Ugineering, and 
snpjiort iiH in our estimate of the bright prosp<*ets ]H>rtray(*d in 
the foregoing pages, which cannot but be tlu< legitimate conso- 
quence of Captain LicTiuir's systi'iiu 

For we have aven Uiat this new jdan is in strict accordance with 
the laws of Nature : Ticnce it is our solemn duty to comply with 
them, and not to mar any longt»r such a beautiful design by an 
irrational treatiui nt of refus«* organic niatter. 

If we do so, we may rest fully assured that a higher state of 
Piibljc Health, a d(*velopment of Agriculture hitherto unknown, 
and a pennaueiit National Prosperity will be our ample reward. 


TIIR KM). 


For the information of Municijml and Sanitary Officers who, after 
n‘ 4 uling the forf»going ]iagi‘«, may have IsKiome imprifswjd with a wish 
to Hccun? Health and a Ib^venue f(»r their towns, together with a con- 
tinuous fertility of the soil, wv give lu low the address by which they 
may procure the necessary plans and trstimales, a.s follows 

CAPTAIN LIEBNUIFS ENGINEEHING AGENCY, 

2, Royal Exchaitok BuiLmsus, 

London, E.C. 
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The obiect of this work is to call attention to the great importance and 
practical utility of the science of Statistics ns applied to commercial mirfioses. 
An improred system of Book-keeping by Double Entry is presented, bssca upon n 
perpetual analysis, condensation, and tabularisitiion of ull transactions as they oeeur, 
the records being steadily kept converging towanls, and at last culminating in, a 
central point : The Book of statistics, which thus, in a compsratively very small 
compass, is made to contain the essence of a great nuinl»er of other bmtks, kept 
during a period of ten year%or more, if renuired. 'Hie Statistical System, combining 
and harmonising the univei^sally recognised principle of Statistics with the K*st points 
of the English, American, and German methods, is so constructed that, whilst fcir the 
sake of a more complete supervialon, it ordinarily presents only, it also 

admits of a rapid descent to the minulest detaiU whenever requisite. 

Tlie Statistical Method epitomuet a mass of complex facts, gradually and lucidly 
evolves final results, and thereby enables the mind to griuip with ease the whole range 
and drift of afiairs, even of the most extensive and intricate natuiw. 

In critical times, the system here advocated will greiiily assist in keeping together 
resources, and in weathering such storms as now and then occur in the commercial 
world. As an example, the books of an extcnilve Expcirt House are sketched during 
a period of ten years ; alter which, a series of * Sfiecial Systems * demonstrates the 
adaptability of the statistical principle to the Tsrious classes of accounts onumersted 
on the title. 

The work concludes with a few thoughts on a new method of Audit, basixl on 
organisation, division of labour, and systematic co-operation, in the shape of a 
moiMy rotation of Auditors by ballot^ calculated to prevent frauds and maladmints- 
tration, such as occurred in the Royal British Bank, and in other well-known instances. 

monthly audit will proTe a powerful restorative to falterins human honesty 
in the sad hour of temptation, and horer like a permanent * Sword of Damocles * over 
the head of *easy virtue.* If, nevertheless, some financial cankemrorm should ever 
attempt to eat out the very heart of honourable joint-stock enterpriser-protected by 
such a monthly audit— >wny, it will be deftly taken by the nape of the neck, and 
rendered perfectly innocuous before much, if any, harm is done ! Where is the 
defalcator bold enough to cook an account, or oommil a forgery, when be knows 
beforehai^ that an incorruptible, implacable ^detective* will ht down upon him by tbe 
end of tbe mouth ? As, owing to the chances of the ballot, it is utterly doubtful wbo 
is the min to audit a given set of scoounts, sll colluston and complsceoey between 
culpable pertiee is quite out of tbe question. Prsvsntiim is better than cure / Lei us 
hetve If aU means rrevention in /aterr, and no mere botching Cure and wtmeamng 
ueid m fue^ after the afriUd of anfiding skttnhMere hoe somehow or other evaporated 
into ddn air! Dixi ei salvavi animom meam ! 
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OPINIONS OF THFPSE88, being a Conieneatien of Bememe publuihed wUb the Work, 


1. *Aii elaborate work on SrATimoAt.^ 
Booi-mpiHO» by Mr. Frederick Chic, 
Krepp, well deferring the attention of prac- 
tical aceonntanW^TVewf' * Money Market 
and City IntelHgenoe ' Article, 

,i, '^TATifncaLBoox-xBBPiKO.— Tlleep- 
plioatitm of additional ecUntific ekiU to the 
art of Bo<^~keepimg may he regarded, ae one 
of the neeeeeUiee of the time. 

* Mr. Krepp, we obeerve, doei not attempt 
to fupenede the old ajatem of double entfy. 
But he pointe out, very juetly, the narrow 
limite of the good unhoubtedly tdtained by 
it. 

*What Mr. K"K». . terma the “ SrATta- 
TICAL** STantM aima, primarily, at additional 
perepicuity, and thia, in the firat instance, 
by judicioue eubditneion of topiee. It fol- 
lowa that the ayatein is, so far, different in 
form, aa applied to diffbrent descriptions of 
business. The additional eubdivisum eug- 
geete and leade to new methode of analyeie ; 
and also, bydiminiehing labour and reducing 
the number of general items, renders eaey a 
more freguent epitomising and balemoing of 
the entire aeeonnt. 

^Mnoh skill and labour have been em- 
ployed in explaining and proriding examples 
of the Tarioua applications of the new sys- 
tem. The work is highly suggestive. It 
embodies and expounds a good tdM*-one 
already familiar, perhaps, to many, and 
which might fiom be made popular. But it 
yet awaits, and must needs await, the atten^ 
tion and support of influential, practical 
men, who are not above, or beyond, learning 
from a printed book how to improve the 
moat praetioal of the operations of business.’ 
Otobe. 

8. *Ws have taken a trustworthy praetioal 
epimon on the advantages of this sjstem of 
Mr. Krepp’s, and aie aasured that if book- 
keepstra would devote the time and patienoe 
requisite to master it, it would introduce 
many ssfy oonsiderahle ia^vements on the 
ordinaij method of double entiy, end render 
the aoeoimts/il^eierr easily and imm s di a t e fy 
snlstt^ytila Its principle ia to improve the 
efaes y a e i i snef the ItWM entered, by gm^ 
tr- ^ d* > ^ • I I 


more minutely subdivided arrangement. 
It is dear that ibis is a matter of great, tm- 
portanee. On the classidcation of entries it 
depends whether or not you can understand 
at a glance the real state of your a^irs.’ 
Economist, _____ 

4. *The importance of correct and com- 
plete book-keeping is much more generally 
admitted Uian realised. Some great com- 
mercial antbority is said to have asserted, 
that “ he never knew a man or a house to 
fail whose books were veil kept.^* There are 
those who run senselees hemrds, both phy- 
sical and commercial; hut sanejten of busi- 
ness, if constantly kept aware of the exact 
position and tendency of their affairs, will 
seldom be found far on the load to insol- 
vency. Now, it is the aim of the *' Statis- 
tical System,” as ably and elaborately ex- 
pounded by Mr. Krepp in the work Wore 
us, to secure to the man of business this eon^ 
slant knowledge of the position and tendency 
of his affairs: wc fed bound to add, 

after a carefhl examination of it, that in our 
judgment the system is superior in this re- 
spect to any other that we know. We express 
our opinion with the more confidence, be- 
cause we find it confirmed by commercial 
men who have fully tested the system, and 
whose opinion on such matters is of much 
more value to the public than our own. 
Such works as this have a moral as well as 
a material hearing. Commercial prudence 
is very closely allied with commercial mo- 
rality, and untQ men of business become 
more entirely habituated to the prudence 
and self-control of which well-kept books 
are at once an evidence and promotive, we 
shall have little progress in the morality of 
which we have latterly seen so disastrous a 
want in both public and private concerns.’ — 
Lssds Mercury. 

6. *We cordially fecommend the work 
to the notice of the eommereial publie.’ — 
Leader, 

6. *STAXi8ncAL Boox-xxkfixq,— ^ fsry 
sidnUrabk system qf hook-kmpmg is pro^ 
oentod in this work, stnfiisft tw tkink ems- 
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^imi mmuntm on tki It omiil oaltnin], muitifiiotiiriiig, meraontilo, joint* 

toboon tnyowtftiaajy guy otoek, or notioiiol. lb loiyf ortoMtolmowto 

eamoeair wkm the $y$tem is it sam m etmsidssoHs amsmi qf Hm, 

imsd, Instoad of being, m sobo _ ^ Mtmt, and ssjmss, Mr. Krepp'i work 
think, ft ciuabitMift ftsd difficult mneidumft ftppeftrt moot opportiuo ftt the prosetit ter* 
ffie chssijkatums render the work so simph rilde crieie in the oomniBoiftl world, end we 
that books so prepared might be kept cannot bat think that ft system of statietioal 
without difflenlty. It leftToo no opening book-keeping, which presents ftt all times a 
for iUegiUmate trading, and eeery honest correct epitome, or “birdWye-Tiew** of the 
merchant and shopkeeper will, therefore actnal state of affiiirs, must, if adopted, 
find it to his advantage to study the subject, tnwve of immense oalne «a targe eommercial 


while proprietors of large houses should not 
he without hooks prrpartd on this prineiplst 
which “ epitomises a mass of complex &ks, 
graaoftUy and lucidly evolves final results, 
and thus enables the mind to grasp with 
ease the whole range and drift of aflbirs, 
even of the moet extensive and intricate 
nature.*' We heartilg reeommmd the work 
to the earliest consideration of all dosses of 
the oonmunity*^IAverpool Albion. 

7. *£lTAnrncix Boox-KiKnifo, by F. C. 
Krepp. — The smplifieation and abhretiation 
of the common system by double enti^* hun* 
long been desiderata in the merchant's and 
manuiaetttiWs houses, and Mr. Krepp has 
by this publication /u//y supplied the want. 
It is a complete guide to the statistioal i 
tern, which divests book*keepingof unessen- 
tial technicalities, and has already received 
the approbation of first-class houses. The 
plan and arrangements ^mmend them- 
selves at once, while the suggestims for 
preventing fraud are thoroughly practical, 
and. to our view, effective' --John BuU and 
Britannia. 

8. * The system is not absolutely novel 
as regards certain of its workings, but taken 
as a whole, it is entitled to the credit of ori^ 
ginalilg. inasmuch as the •tatistical purpose 
is kept steadily in view throughout, and 
•* returns,” if the word may he used, elicited 
hy processes at once simple and ingenious. 
The hook is a taluahle contribution to (he 
counting-house, and may be commended to 
the examination of all who are dependent 
upon the work and the fidelity of others. To 
the shareholders in public companies we 
also counsel a pemsal of the final chapter, 
in which a method of joint auditory is | 
pointed ont, which, it is not too much to 
say, would render the perpetration of the 
frauds of which we have had of late but too 
many enampke, all but impossible '^8h^ 
ping and Mercantile Oasette. 

9. •Mi.Krepp'ssydlamw eminently prae- 
tied and eapabU of adaptakon to small as 
wsUaslsagessswssms,whikhaadmi:Wie,9fgn- 


and hanking concerns liks thoss which have 
recently sueeumhed under the pressure ef 
these iisastTous titnes. The statistical sys- 
tem, combined with the plan of ** audit" 
recommended, would also render impractic- 
able those extensitff frauds, which, as in the 
case of Kodpath, the Royal British Bank, 
and other («qunlly notorious instiinees, have 
plunged vast numbers of individuals in the 
deepest distress, and swept sway fW>m tlio 
rightful owners an enormous amount of 
property. A (Hmjfrte check upm these 
frauds has hecomc a national deeiderainm ; 

I and tlmt individual wn\ deserve well of his 
: country who shall inaugurate a system that 
j puts an i'ffiHJtual stop to them.*-“//i«/rfcvi- 
I field Chronicle, 

10. * Hvatisticai. BooK-xanrmo.— We 
{ f(^l sure tbitt the old ledger balanced onee a 

year is alwut as fit for three go-ahead days 
as the old stage coach for tmr present rate of 
travelling. And wo think it very possible 
that many traderrs may now ho further on 
in their dealings than in their method of 
rt'cording them. Wo therefore recommend 
Mr. Krspp's hook to attention, as voiy likely 
to give usefhl suggestions. An astronomer 
who knows but half his subject will put 
ten times more progress into that half, 
than an imperft»ct tx>ok -keeper will do into 
his own system.’— 

1 1. * Ah one can doubt the importance of 
the object Mr. Krepp hoe in view in this 
work, and as little will any one guestion the 
appropriateness of its publication at the pri- 
sent juncture in our commercial hiUory, 
The suhjt»ct is one to which the Author of 
flTATtsTfCAL B<H)K-]uuBPt]fo hof dcToted a 
very great deal of atteation, and on which 
be appears to he fhllj competent to speak, 
and fully entitled to be hea^ What more 
can we say Ivy way of urging the principals 
of commercial cstahliskmsnts to procure the 
work and test for thsmsdves the praotioa- 
bility and value of Mr. Xrepffe eystm t 
But bestdse those to whom coirect book- 
keeping ts a neoemity, Hr. Krspp’s * Btatts- 
tieal Book-keepiflf * appeals to those who 
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mkB^hooMmpi^ too mueh a matter of M- 
itimpaa Andt very poa^ly many, by 
xeally OQsrect mtitmSi lot merely 
aiipiQfimttte aeoonsto, ae we fear ia too 
fiequADily the caae, umld find advantage 
to fteuU ^ wMeh Utey have at present no 
winaeftson* The hook is one fokioh oerUMy 
deserves the cartful and attentive considera- 
tion of the commercial community I ^Block- 
bum Standard. ^ 

12. *A valudble and cartfully prepared 
system of Statistical Book-keeping has been 
placed before the mercantile community. 
The benefits to bo derived from adopting 
the Statistical System cannot be better ex- 
plained than by quoting from the Autbox's 
preface, in which he says, ** 8tatistic$,judi- 
ehtisly applied to mercantile accounts^ will 
be found of great aseistance in keeping re- 
sources together during times of commercial 
depression^ and weathering such storms as 
occasionally occur in (he •mercantile, world f 
and that the system now submitted is the 
result of fifteen, years' personal observation 
and practical ejperkdbe in English^ Ameri- 
can, and German counting-houses.” Mr, 
Krepp's system could easily he introduced 
and engrafted upem others nouf in use. A 
very important feature in it is the advantage 
which it gives the head of a large tsiahlish- 
nient, in being able, by a very short inspec- 
tion of his lodger, to asceilain the actual 
condition of his atfaira, without having to 
wait until his usual balancing and stock- 
tajpng. The hook is altogether such a one as 
ought to find a jlace in the cpmtiypppm of 
every large mercantile estahhuSynen^bad as 
jthe period is approaching. when ^ great 
minority of such ostaUislmienti balance 
their books and take stock, a more favour- 
able opportunity for introducing Mr, Krefip's 
admirable system could not be afforded ; and 
by a careful inspection of the specimen 
accounts thmished in Ihe book, a very short 
tints would enable the books of any estallish- 
to he kept with a correctness hitherto 
only oltaineMe by much labour and time* 
Kewcasile Journal, 

IS. * Statistical Bqox-&bbptno.— A va- 
luable contribution 4o the lUerature of com- 
meras has been made by Mr. Frederick 
Krepp. The work of this gentleman applies 
the adenoebf statistics to' book-keeping, by 
the aitaUishment of a perpetual analyaia, 
which oQpdensea and tabularises tnnsac- 
tions aa they oonnr. It is not easy„ of 
.iDOurae, to giTe an iden^ this comprehen- 
•nive ■yst»m» eitbsir aa ti&dts utility or atm- 
but certam we i&e that euylect, as 


peU etifimd, aoM be, ewfkpated from rail- 
mey wocouals were ayeim adoptoH 
j^edkeey Times. \ 

14. 'BrATisncAX Booz-ZBnm(.--T7nder 

-this title, Mr. F. C. Erepp has published 
(through Messrs. Longmans) a very elabo- 
rate treoMse, esgpUMng a mode qf eingcli- 
fymg and cmyMiliig Ihi common system 
lOf book-keeping by double entry. For keep- 
ing the aoconma of mining and metallurgie 
companies, railwaya, and, indeed, those of 
public companies generally, we bdkve no 
set of books upon the present system coM 
give such satisfaction to either sharehyldere 
Of directors as those of Mr. Krepp, in which 
there is “ a place for everything.”’—- Mwtny 
Journal, 

15. <Thb elaborate work, illustrating 
the tbeoiy and practice of a new system of 
Book-keeping, for the uses of the mercan- 
tile and commercial world, appears to have 
very special recommendations in its favour. 
As a work of professional utility, it cannot 
fail in its appeal to a class with whom the 
acquirements of Book-keeping are of the 
greatest value.'— irscA:/y JHeymtvk, 

16. ♦Statistical BooK-xsanilo. — The 
object of this work is one of unquestioned 
importance and utility, and its appearance 
at the present time is most opportune and 
appropiate. Mr. Krepp hai employed 
much labour eted skill in the construction 
of this elaborate work. We strongly urge 
the commercial public to examine the work 
for themeelves* — Bristol Admrtisei^ 

IT. * Tie mporUinee of the knowledge of 
goM book-ketping principlee eon scarcely be 
too highly eeiimaim. If, on taking up the 
l%rork, we were diayoveA to regard it with 
surprise and some misgiving, on account of 
I Its pretensions, we confess that an examina- 
tion has satisfied us that its tlams are abun- 
dantly substantiated. The idea of the Author 
is, that tbe books of an establishment should 
not only be serviceable as a record of past 
transactions, but that they should indicate^ 
at any time, and with the least possible 
trouble, its present condition^ sifker, as a 
wholct or comparatively^ in its separate de- 
partmmts^ however complicated and exten- 
sive the business may be : and he has pro- 
duead a system which answers to Ms idsa. 
As a whole the system is remarkably eom- 
plete, and a decided advance previous 
publiratione. The books in ordinary use 
are employed with sligl^ m o dific a t a mis , and 
with ths only addition of a Monthly Balanae 
Book, nadn Book of Statistwa. TkelaUer 


' '\ 

tis 


ho0kweftg»d mm Imported md minh 
mbk md tk$ tarnttf^gm U 

ie dtrimd from im m$ immkuMin At 
statittical, the i^ttem tiAes eogni«noe 
of more fiiote, md tedm to arreage, com* 
pare, and elastic them more fhllj tjmyi the 
ordinary modes of book-keeping. Jiteo^sete 
are aeoompUeked on 9cimt^jprweipl$9,and 
ikie eonetUuin Us great Mm^^^Bradford 
OUfrver, 

18. < Statistical Boon-uaiFDfG. — The 
system is concluded by ** Suggestions for 
the pretfentwn of dcfalccUionB and fraude in 
Bai^, Bsilway Companies, and other con- 
cerns,” which will be read with interest and 
studied with advantage by all having peeu^ 
niary connection with mch estahliahinente* 
Liverpool Afatl. 

19. ‘Statistical Boox-xbbpino. — T he 
present system gives evidence of having been 
carefuUy matured^ and of fmng sound in 
principle. Let it be fairly examined and 
tested by professional aocouni.'int8, and by 
the mercantile community, to whom, we re- 
peat, it is offered at a time when, of all 
others, they should, and, no doubt, wiU be 
ready to adopt any real aid in the manage-' 
ment ofthoir business* — Aficrdeen Journal, 

20. * The smence of Jkmk-keeping is as 
yet in a very rthtgh state. There is no science 
of equal smjfortance which stands in greater 
need of imprtvements. Mr. K/s armngo- 
ment enablers every employ^ to obtain at the 
end of each month a clear view of the state 
of his affairs. This is an advantage which 
the mapagenHSP large establishments! '^ho 
hare hitherto bhen in the habit of balaiicing 
their books only once a year, will be «ble 
to appreciate.’— Chronkk, 

21. ‘Statistical BooK<«BSi*iini.— dfr. 
Krrpp has done good service to the oomms^ 
dal and trading community by the puhliea- 
tion of this etahorate and ingenious work. 
It appears to furnish very effieienl checks 
against diJktr wddmial error dr wilful 
malversation, and to afford very valuable 
faniitUs for enabling a merchant, manufac- 
turer, or shop-keeper, to “lake stock” at 
much more frequent intervals than would 
DOW generally be considered possible. Pro- 
perly earried out, it will at the end of each 
month present a dear view of the eonditiau 
of affaire up to that date. Wo oomnurnd 
the work to the sUoDtiiNi of those dasaes 
§09 whoio beneiU it is intendisd, merely 

that it offers a numUr of shrewd 
suggestmns for ike prevention of defedea- 
tions, and frauds ta hanlot railwayt and 
dharcsmpmks.*-^Midlamd Camntiu Herald. 


f Book kssping is a pr eoss s §f §m§ 
mportmss, tsdUy sw^ bat mi# my. 
tsetsd and Utils uaisrstood. Bobk4ii|tog 
is often enough made so artiftmsl qpituiii of 
oom^eated osah entries, without loiomm 
to the essentiils of the bulineBS to which it 
ii ap]^ed. This work is amt valadbU to 
all dssiroas of putting tksir aoeounts m a 
oorrset and eonvsnient basis, hseauss it iUus^ 
trates the prineiplss aad ratkmals ef ac- 
counts, enaUing the principsl to dseids on 
the reqmsUs system ^ arrangement^ instead 
of depending on a book-keeper. 2b all, 
however, Mr. Krtpp*s work will afford valu- 
able lessons, A very valuabls part is what 
he calls his Book of Statistics, analysing ihs 
rssults of previous years* working, and bring- 
ing past experience to hear Pat/dtny News. 

23. ‘By Mr. Krepp’s system, the actual 

state of a rntrehanfs 6tfoiiM»#, under every 
head of receipts and expenditure, assets and 
liabilities, and in §tvry branch, monthly, 
quarterly, and annually, is brought dearly 
out, and each periodi^ settlement or stock- 
taking is done witl^ut delay, as tbs whole 
system of the book-k(M*ping is ecmstantly 
culminating to its riwultib There is nothing 
in the system which any one accustomsd to 
Imok-kmping cannot understand and prac- 
tise, and the earlier books are essentially 
like those in ordinaiy use. Many useful 
suggestions may fm taken from it, even though 
the entire system be not adopted.* — Leeds 
Intelligeneer. 

24. An eminent Ixmdun Finn, to whom 
tha wM iMMl been specially submitted 
More its phblleation, writes is follows 

* The eombination which you so ably pro- 
pose hss not, IS far as we know, been made 
tbs subject of any previems publication, and 
we consequently lielieve that your work not 
only deserves attention, hut that its study 
cannot but benefit all who are engaged in 
commercial or manufaeiurmg iransaciums.* 

2b, A leatUug Ifanchester House informs 
the Author, thst their books are kept on a 
system snslugons to the one be pnbUsbss, 
that it gives so great satisforibn that 
they recommend the Htatistlcal Method for 
general adoption. * 

88. A highly reepeetable Bradford Find 
writes as foUows>-‘Ws lirire exsmihsd 
yonr work on Btsristieal Book-keeping, and 
eoDsider it to bs well worthy the attsntum 
of those to whom H is^ addressed. ThA 
are masy siicps||nns in it whic h^yrill & 
j of vaias to the wfibt expcrisiics^tt^sw 











